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Description 

TECHNICAL FIELD 

s [0001 ] The present Invention relates to olefin block copolymers, processes for producing the same, and uses of the 
copolymers. More particularly, the invention relates to olefin block copolymers of a specific structure comprising a 
polyolefin segment and a functional segment, and to processes for producing such copolymers and to uses thereof. 

RELATED BACKGROUND ART 

10 

[0002] Polyolefins are produced into extrusion molded articles, injection molded articles, blow molded articles, films 
or sheets for various purposes because of their excellent processability, chemical resistance, electrical properties and 
mechanical properties. 

[0003] Polyolefins, however, are poor in affinity with various polar substances, such as metals, and hard to be bonded 
15 to polar substances or to be blended with polar resins because they do not have a polar group in the molecule, in other 
words, they are a non-polar resin. Molded articles of polyolefin have a hydrophobic surface, and therefore need to be 
compounded with, for example, a surface-active agent of low molecular weight for the applications requiring anti- 
fogging and antistatic properties. This can sometimes cause problems that, for example, the surface is contaminated 
by bleeding-out of the surface-active agent. 
20 [0004] Polyolefins have been expected to have a variety of properties recently. For example, polyolefins are required 
to be excellent in heat resistance and, as soft polyvinyl chloride, to have a soft texture. 

[0005] Various methods have been attempted to improve the properties of polyolefin. Examples of such methods 
include adjusting the monomer type and the molar ratio, changing the arrangement of monomers, for example , randomly 
or blockwise, and graft copolymerlzing a polyolefin with a polar monomer. 

25 [0006] When a polyolefin is graft copolymerized with a polar monomer, a method where the polyolefin is reacted with 
a radically polymerizable monomer in the presence of a' radical initiator is commonly employed. The graft copolymer 
obtained by such a method often contains a homopolymer of the radically polymerizable monomer and an unreacted 
polyolefin, and is ununlfomi in graft structure. Additionally, the graft polymerization involves a crosslinking reaction and 
a decomposition reaction of polymer chains, thereby widely altering the properties of polyolefin in many cases. 

50 [0007] International publication No. WO98/02472 refers to synthesis of a block polymer of a polyolefin and a polar 
polymer without involving the crosslinking and decomposition reactions by disclosing the method where a boron com- 
pound is added to a polyolefin having an unsaturated bond in the terminal position, oxidized by oxygen to form an 
active species for radical polymerization and thereafter radically polymerized. 

[0008] The present inventors made an earnest study in light of the prior art and found that a specific block copolymer 
35 comprising a polyolefin segment and a functional segment can solve the above problems and also found a process 
for producing such a block copolymer. 

[0009] With respect to the process for producing a block (co)polymer comprising two different polymer segments, 
JP-A-60(1985)/252614, JP-A-60(1 985)/252623. JP-A-5(1993)/503546, JP-A-8(1996)/92338 and JP-A-9(1997)/87343 
disclose the method involving living polymerization. JP-A-60(1985)/25261 4 discloses the process for producing a block 

40 copolymer comprising a polyolefin segment and a polymethacrylic ester segment by living polymerization. The process 
involving living polymerization produces only one polymer per catalyst active point, with the molecular weight distribu- 
tion (Mw/Mn) of polyolefin being approximately 1 . The more polymers are obtained per one catalyst active point, the 
more preferable costwise. It is preferable in view of molding and processing of polymers that the polyolefin segment 
have a large molecular weight distribution (Mw/Mn). 

^ [0010] On the production of a block copolymer comprising a polyolefin segment and a polymethacrylic ester segment, 
Intemational Publication No. WO98/02472 discloses the method of producing the polymethacrylic ester segment by 
radical polymerization. This method, however, has a problem that the polymerization, in particular, the stereoregularity 
and the copolymerizability of the polymethacrylic ester are hard to control because the methacrylic ester is radtoally 
polymerized. 

50 [0011] The present inventors made an earnest study in light of the prior art and succeeded in converting the end of 
a specific polyolefin to a specific group and in anionically polymerizing a (meth)acrylc ester in the presence of the 
polyolefin containing a specific group in the terminal position. They also found that the polymerlzability can be controlled 
easier in the anionic polymerization in comparison with the radical polymerization and that the stereoregularity and the 
copolymerizability of poly(meth)acrylic ester can be controlled as well. 

55 [0012] The inventors additionally found that the block copolymer comprising a polyolefin segment and a functional 
segment is ideal for various uses, such as bonding; molded articles, e.g., construction and civil engineering materials, 
automobile interior and exterior parts, gasoline tanks, electric and electronic parts, medical and sanitary products, 
miscellaneous molded articles, environmentally degradable resin molded articles, films and sheets; modifiers and dis- 
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persions. 

[0013] Compositions comprising a base polymer, such as ethylene/vinyl acetate copolymer or styrene block copol- 
ymer, and a tacklfier resin have been conventionally used as a hot melt adhesive. However, such a resin is not sufficient 
In compatibility with a tacklfier resin to make, in some cases, the adhesion inferior. The hot melt adhesives have been 

5 moreover commercially demanded to have excellent thermoreslstant adhesion and thermoresistant creep character- 
istics. The present inventors made an earnest study in light of the prior art and, as a result, it has been found that the 
block copolymer comprising a polyolefin segment and a functional segment, and the composition comprising said 
copolymer and a tackifier resin have excellent thermoresistant adhesion and thermoresistant creep characteristics. 
[0014] Various synthetic resins, such as polyolefin, have been used as a material of molded articles for constnjction 

w and civil engineering, e.g., floor coverings, sheets, gaskets, sealants and asphalt modifiers. The floor coverings are 
required to have impact resistance and mar resistance. The sheets are required to be flexible and resistant to pinholes 
and penetration. The gaskets and the sealants are required to have flexibility. The asphalt modifiers are desired to be 
heat resistant and compatible with asphalt. The present inventors made an earnest study on the molded articles for 
construction and civil engineering which can satisfy the above requirements and, as a result, it has been found that 

15 the molded articles for construction and civil engineering, which comprises the block copolymer comprising a polyolefin 
segment and a functional segment, or the olefin polymer composition comprising said copolymer can meet the above 
requirements. 

[0015] Thermoplastic resins, such as polyolefins, polyesters, polyamides and polyacetals. have been produced into 
injection molded articles, blow molded articles, films or sheets to be used for many purposes because they have ex- 

20 cellent processability. chemical resistance, electrical properties and mechanical properties. However, thermoplastic 
resins are sometimes insufficient in the balance of properties, such as transparency, rigidity, impact resistance and 
moldability, depending on the use. In order to improve the molded articles comprising such thermoplastic resins in the 
balance of properties, such as transparency, heat resistance, impact resistance and moldability, a method where a 
themioplastic resin is blended with a modifier, e.g., ethylene/a-olefin copolymer, to make a composition is known. 

25 However, themioplastic resins blended with a conventional modifier are sometimes unsatisfactory in the balance be- 
tween rigidity, surface hardness and impact resistance. As such, automobile interior and exterior parts and gasoline 
tanks, in which resins or resin compositions excellent in rigidity, impact resistance, oil resistance and heat resistance 
are used, have been desired. The present inventors made an earnest study in light of the prior art and, as a result, it 
has been found that the automobile interior and exterior parts and the gasoline tanks comprising the block copolymer 

30 comprising a polyolefin segment and a functional segment, or the composition comprising said copolymer can meet 
the above requirements. 

[0016] Various synthetic resins, e.g., polyolefins, have been conventionally used as a material of electric and elec- 
tronic parts, such as wIre-coatIng materials, gaskets used in a refrigerator or the like, optical materials, e.g., optical 
disk substrate, magnetic recording materials, magnetic recording binders, binders for a plastic magnet, water-absorbing 

35 sealants, solid polyelectrolytes, electromagnetic wave shields and housings for electric and electronic parts. The wire- 
coating materials are required to be electrically insulating stably for a long period of time, flame retardant, extrudable 
at a high rate and of high breakdown voltage. The gaskets for home appliances are required to have profile extrudability, 
expansion moldability, small compression shrinkage and flexibility. The optical materials are required to have trans- 
parency, mechanical strength and heat resistance. The magnetic recording materials are required to have magneto- 

40 optical responsiveness. The magnetic recording binders are required to have fillability and small magnetostriction. The 
solid polyelectrolytes are required to have low water-absorption, high ionte conductance and chemical stability. The 
electromagnetic wave shields are required to be weatherable for a long period of time and to depress the deterioration 
of shielding properties. The present inventors made an earnest study on the electric and electronic parts satisfying 
such requirements and, as a result, it has been found that the electric and electronic parts, in which the block copolymer 
comprising a polyolefin segment and a functional segment or the composition comprising said copolymer is used, can 
meet the above requirements. 

[0017] Many polymer materials have been used in medical and sanitary products. For example, nonwoven fabrics, 
represented by the spunbond nonwoven fabric, have been used for various purposes and been required to have im- 
proved properties according to the purpose. Particularly, nonwoven fabrics used in, for example, a gather on a paper 

so diaper, a part of sanitary products, such as a sanitary napkin, and a base of compress, are required to have water 
resistance and to be excellent in water vapor pemneability. Depending on the place they are applied to, nonwoven 
fabrics are further required to be excellent in stretching properties. The proper strength to go through molding processes 
in the industrial production is additionally needed. Electrets charging a polymer material can keep the electrical charge 
semipenmanently while generating an electric field. Under favor of the electrte field, the electrets have been used in 

55 medical and sanitary applications, such as a bandage and an adhesive plaster and in absorption of dust in the air. 
Polytetrafluoroethylene and polyvinylidene fluoride, although conventionally known as a polymer to be a material of 
electrets. have a problem that the moldability is inferior. There has been proposed a method of preparing electrets, 
where a polyethylene is compounded with a small amount of modified polyethylene which has been graft copolymerized 
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with an unsaturated carboxylic acid to improve the electrical charge properties, thereby easing the electrical charge. 
This method achieves only low electrical charge properties, and the electrets produced are to be improved in its effects 
and durability. The present inventors made an earnest study on the medical and sanitary produces that can satisfy the 
above requirements or solve the problems and. as a result, it has been found that the medical and sanitary products, 
s in which the block copolymer comprising a polyotefin segment and a functional segment, or the composition comprising 
said copolymer is used, are able to satisfy the above requirements. 

[0018] Thermoplastic resins, such as polyolefins, polyesters, polyamides and polyacetats, are often Insufficient, de- 
pending on the uses as miscellaneous goods requiring good design, in the balance between properties, such as impact 
resistance, mar resistance, printability. coating properties, low-temperature flexibility and moldability. For improving 

10 molded articles comprising the thermoplastic resin in the balance between properties, such as impact resistance and 
moldability, a method where a thermoplastic resin is blended with a modifier, e.g., ethylene/a-olefin copolymer, to make 
a composition is known. Conventional modifiers, however, are unsatisfactory in improving the balance between rigidity, 
surface hardness and impact resistance in some cases depending on the use. The present inventors made an earnest 
study on the miscellaneous molded article satisfying the above requirements and, as a result, it has been found that 

15 the miscellaneous molded article comprising the block copolymer comprising a polyolefin segment and a functional 
segment, or the composition comprising said copolymer is superior In any of the properties of impact resistance, heat 
resistance, mar resistance, transparency, coating properties, printability, adhesion and low-temperature flexibility. 
[0019] Resins, such as polyolefins. polystyrenes, polyvinyl chlorides, polyesters and polyamides, are chemically 
stable and remain in the natural environment semipemianently once they are disposed to cause waste problems, e. 

20 g., damage to the landscape. Resins which are environmentally degradable owning to the living metabolism have been 
developed in order to solve such problems. Examples of such resins include aliphatic polyesters, such as a polylactic 
acid, a polyglycol acid, a poly-p-hydroxy butyric acid, poly-e<aprolactone, a polybutylene succinate and a polyethylene 
succinate: a polyvinyl alcohol and a polyethylene glycol. Of these, aliphatic polyesters have been practically used 
because of, for example, its moldability. These resins, however, are insufficient in heat resistance and mechanical 

25 strength, etc., for practical uses. For example, a polylactic acid has drawbacks in that the heat resistance is hard to 
be attained because of its tow crystallization rate, and that uses as a container where a practical strength is required 
are not expected owning to inferior toughness. And, poly-e-caprolactone has a low melting point and Is not practical, 
although high in impact resistance. As a result of an earnest study made by the present inventors in light of the prior 
art, it has been found that the block copolymer comprising a polyolefin segment and a functional segment, and the 

30 composition comprising said copolymer can produce an environmentally degradable resin molded article having ex- 
cellent practical properties, such as heat resistance and impact resistance. 

[0020] Although polyolefins are excellent In moldability and molded articles thereof have heat resistance, such mold- 
ed articles have drawbacks, when used as a packaging material, In that contents are scratched or look less beautiful 
than they really are because of poor flexibility and low transparency of the polyolefin. Therefore, attempts to Improve 

35 the flexibility and the transparency of polyolefins have been made by, for example, laminating a soft composition, e. 
g.. vulcanized rubber, on an outer surface of a multilayered plastic container, or laminating a vinyl acetate resin on an 
outer surface of a multilayered container. The above methods, however, can not attain sufficient properties and are 
required to achieve improved anti-fogging properties, tackiness or the like depending on the use of the molded article. 
The present inventors made an earnest study in light of the prior art and, as a result, it has been found that the films 

40 and the sheets comprising the block copolymer comprising a polyolefin segment and a functional segment, or the 
composition comprising said copolymer are excellent in any of flexibility, transparency, tackiness, anti-fogging proper- 
ties and heat resistance. 

[0021] Themioplastb resins, such as polyolefins, polyesters, polyamides and polyacetals, are sometimes insufficient 
in the balance between properties, such as transparency, rigidity, impact resistance and moldability, depending on the 

45 use. For Improving molded articles comprising the thennoplastic resin in the balance between properties, such as 
transparency, heat resistance, impact resistance and moldability, a method where the thermoplastic resin is blended 
with such a modifier as an ethylene/a-otefin copolymer to make a composition is known. Conventional modifiers, how- 
ever, cause a problem that the resulting molded arttele is unsatisfactory in the balance between rigidity, surface hard- 
ness and impact resistance in some cases depending on the use. The blend of an olefin rubber, such as ethylene/ 

so propylene rubber or ethylene/propylene/non-conjugated diene rubber, with a natural rubber (NR) or a diene rubber, 
such as styrene/butadiene rubber (SBR), can improve the weathering resistance and the heat resistance of the natural 
rubber or the diene rubber. However, their compatibility is so bad that the co-crosslinkability is insufficient, resulting in 
inadequate effects of modification. Themnosetting resins, such as phenolic resins, epoxy resins, urea resins and mela- 
mine resins, have been processed through cast molding or the like for various purposes under the favor of theirexcellent 

55 heat resistance, chemical resistance, mechanical characteristics and electrical characteristics. These resins, however, 
are insufficient in the balance between moldability and Impact resistance, etc. Therefore, development of a modifier 
which can improve the moldability and the impact resistance of the thennosetting resins, has been desired. Lubricating 
oils generally contain a viscosity index improver to allow operation unaffected by any temperatures low or high. Lubri- 
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eating oils further contain, for example, an abrasion-resistance agent, an extreme pressure agent, an antioxidant, a 
corrosion inhibitor, a detergent-dispersant or an emulsifying agent for the purpose of improving the properties of the 
lubricating oils under severe conductions. These additives contain polar groups in so large amounts that the compat- 
ibility thereof with a base oil, e.g., hydrocarbon base oil. is bad. The present inventors made an earnest study in light 
5 of the prior art and, as a result, It has been found that the modifier comprising the block copolymer comprising a 
polyolefin segment and a functional segment, or the composition comprising said copolymer is excellent in properties 
of modifying any of impact resistance, heat resistance, weathering resistance, mar resistance, transparency, coating 
properties, adhesion, low-temperature flexibility, fluidity and dispersion- properties. 

[0022] Poiyolefins, such as polypropylene and polyethylene, are occasionally insufficient in heat resistance, rigidity 

to and strength depending on the use. In such a case, poiyolefins are reinforced with a filler, e.g., talc and glass fiber. 
However, poiyolefins are low in polarity and. contrarily, most fillers have polarity. Therefore, the filler is not sufficiently 
dispersed in a polyolefin and the adhesion in the interface of the filler and the polyolefin is low. This can frequently 
cause a problem that the effect of reinforcement with a filler is not fully attained. As such, a silane coupling agent or a 
titanate coupling agent is incorporated therein at the time of melt-compounding, or a filler is treated on the surface with 

r5 a higher fatty acid or the like, which although does not produce satisfactory effects. Additionally, attempts have been 
made to obtain a composite material in which organic polymer materials are inserted between silicate layers constituting 
phyllosilicate. For example, phyllosilicate is treated with an amino acid or a nylon salt, and a monomer is incorporated 
therein and polymerized, thereby obtaining a clay mineral/polyamide resin composition (cf . JP-B-58(1 983)/3521 1 and 
JP-B-58(1983)/35542). Or. a polyamide-containing resin is incorporated in silicate layers constituting phyllosilicate, 

20 which have a thickness of 7 to 1 2A and an interiamlnar distance of at least 30A, thereby obtaining a composite material 
wherein a part of polymer chains of the polyamide is ionically bonded to silicate layers, which is reported in JP-A-62 
(1987)/74957 as a composite material wherein a part of polymer chains of polyamide is ionically bonded to silicate- 
layers. On the other hand, with respect to the poiyolefins, it is now under consideration to use phyllosilicate as a filler, 
which is finely dispersed by melt-kneading the phyllosilicate treated with an alkylamine swelling agent together with a 

25 modified polyolefin and a polyolefin. This method, however, does not produce sufficient effects of reinforcement. As a 
result of an eamest study made by the present inventors In light of the prior art, it has been found that the block 
copolymer comprising a polyolefin segment and a functional segment, and the composition comprising said copolymer 
can produce excellent effects of improvements in reinforcement and dispersion properties. 

[0023] Poiyolefins, such as ethylene (co)polymers and propylene (co)polymers, are poor in affinity with other resins 

30 and metals. Therefore, it is hard to bond a polyolefin to other parts. As such, various adhesives have been studied to 
bond a polyolefin to other resins and metals. Preferably, these adhesives are aqueous to assure working environment. 
Aqueous resin dispersions of ionomer resins are conventionally known as the aqueous resin dispersions for the bonding 
of polyethylene. These dispersions, however, do not have sufficient adhesion. Recently, against the backdrop of in- 
creased attentions on the environmental problems, there has been a conversion from a polyvinyl chloride (PVC) to a 

35 polyolefin along with increased frequency of use of polyethylene or the like. Accordingly, adhesives for the bonding of 
polyolefin having excellent adhesion have been strongly desired. The present inventors made an eamest study in view 
of the prior art and, as a result, It has been found that the block copolymer comprising a polyolefin segment and a 
functional segment, and the composition comprising said copolymer can produce aqueous dispersions having excellent 
dispersion properties in an aqueous medium and exhibiting high adhesion to poiyolefins, metals and polar resins. 

^ [0024] A resin dispersion of a modified polyolefin has been proposed, for example, in JP-A-63(1988)/12661 , as an 
adhesive comprising a dispersion In which a polyolefin is dispersed in an organic medium and which is used for bonding 
polypropylene to a metal, e.g., aluminum. The modified polyolefin, however, is insufficient in dispersion properties in 
an organic medium and can cause a problem that the dispersion agglomerates in a gel state during a long-term storage 
in some cases. The present inventors made an earnest study in light of the prior art and, as a result, it has been found 

^5 that the block copolymer comprising a polyolefin segment and a functional segment, and the composition comprising 
said copolymer can give an organic-medium dispersion having good dispersion properties and dispersion stability in 
an organic medium and exhibiting high adhesion to poiyolefins, metals and polar resins, 

DISCLOSURE OF THE INVENTION 

50 

[0025] The olefin block copolymer (A-1 ) Is represented by fomnula (I) 



55 



PO^ - g^ - (I) 

wherein PO'* Is a segment composed of repeating units derived from an olefin having 2 to 20 cartoon atoms, g^ 
is an ester, ether, amide, imide, urethane, urea, silylether or carbonyl linkage, and B^ is a segment containing an 
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unsaturated hydrocarbon or a hetero atom. 

[0026] Examples of the olefin block copolymer (A-1 ) include an olefin block copolymer (A-1 1 ) wherein the PO^ seg- 
ment of formula (I) is a polyolefin segment prepared by polymerizing at least one monomer selected from a branched 
olefin, a cycloolefin, a conjugated diene and a non-conjugated polyene, optionally with at least one a-olefin selected 
from linear a-olefins having 2 to 20 carbon atoms; and an olefin block copolymer (A-1 2) wherein the PO^ segment is 
a polyolefin segment containing long-chain branches, which is prepared by polymerizing at least one olefin selected 
from olefins having 2 to 20 carbon atoms. 

[0027] With respect to the olefin block copolymer (A-11 ). it is preferable that the PO^ segment be a polyolefin segment 
having a weight-average molecular weight of 2000 or more, which Is prepared by polymerizing at least one monomer 
selected from a branched olefin, a cycloolefin, a conjugated-diene and a non-conjugated polyene, optionally with at 
least one a-olefin selected from linear a-olef Ins having 2 to 20 carbon atoms; that the g^ linkage be an ether, ester or 
amide linkage; and that the segment be a functional segment having a weight-average molecular weight of SOO or 
more, which is prepared by radical polymerization or ring-opening polymerization. 

[0028] With respect to the olefin block copolymer (A-1 2). it is preferable that the PO^ segment be a polyolefin segment 
containing long-chain branches and having a weight-average molecular weight of 2000 or more, which is prepared by 
polymerizing at least one olefin having 2 to 20 carbon atoms; that the g"" linkage be an ether, ester or amide linkage; 
and that the B'' segment be a functional segment having a weight-average molecular weight of 500 or more, which is 
prepared by radical polymerization or ring-opening polymerization. 

[0029] Examples of the olefin block copolymer (A-1) further include an olefin block copolymer (A-13) wherein the 
PO^ segment of formula (I) has a weight-average molecular weight of less than 2000. 

[0030] With respect to the olefin block copolymer (A-13), it Is preferable that the PO^ segment be a polyolefin segment 
having a weight-average molecular weight of less than 2000, which comprises repeating units derived from an olefin 
of 2 to 20 carbon atoms; that the g^ linkage be an ether, ester or amide linkage; and that the B*" segment be a functional 
segment obtained by radical polymerization or ring-opening polymerization. 

[0031] The PQi segment of the olefin block copolymer (A-13) is obtained by coordination-anionic polymerization or 
copolymerizatlon of at least one olefin selected from olefins having 2 to 20 carbon atoms. Preferably, the PC segment 
is obtained by polymerizing or copolymerizing at least one a-olefin selected from linear or branched a-oleflns having 
2 to 20 carbon atoms. The PO^ segment preferably has a molecular-weight distribution (Mw/Mn) of not more than 2.5. 
The segment Is preferably obtained by radical polymerization of at least one radically polymerizable monomer. 
Examples of the radically polymerizable monomer include unsaturated cartooxylic acids, derivatives thereof, aromatic 
vinyl compounds, hydroxyl group-containing ethylenically unsaturated compounds, nitrogen-containing ethylenlcally 
unsaturated compounds, epoxy group-containing ethylenically unsaturated compounds, vinyl ester compounds and 
vinyl chloride. The B^ segment is obtained, for example, by ring-opening polymerization of at least one cyclic monomer. 
Examples of the cyclic monomer include lactone, lactam, 2-oxazollne and cyclic ethers. 

[0032] Examples of the olefin block copolymer (A-1) further include an olefin block copolymer (A-1 4) wherein the 8^ 
segment of formula (I) has a weight-average molecular weight of less than 500. 

[0033] With respect to the olefin block copolymer (A-1 4), it is preferable that the PO^ segment be a polyolefin segment 
comprising repeating units derived from an olefin of 2 to 20 carbon atoms; that the g^ linkage be an ether, ester or 
amide linkage; and that the B"" segment be a functional segment having a weight-average molecular weight of less 
than 500, which is obtained by radical polymerization or ring-opening polymerization. The PO"* segment is preferably 
obtained by coordination-anionic polymerization or copolymerization of at least one olefin selected from olefins having 
2 to 20 carbon atoms. Preferably, the PO^ segment is obtained by polymerizing or copolymerizing at least one a-olefin 
selected from linear or branched a-olefins having 2 to 20 carbon atoms. The B^ segment Is preferably obtained by 
radical polymerization of at least one radically polymerizable monomer. Examples of the radically polymerizable mon- 
omer Include unsaturated carboxylic acids, derivatives thereof, aromatic vinyl compounds, hydroxyl group-containing 
ethylenically unsaturated compounds, nitrogen-containing ethylenically unsaturated compounds, epoxy group-contain- 
ing ethylenically unsaturated compounds, vinyl ester compounds and vinyl chloride. The B** segment is obtained, for 
example, by ring-opening polymerization of at least one cyclic monomer. Examples of the cyclic monomer Include 
lactone, lactam, 2-oxazoline and cyclic ethers. 

[0034] Examples of the olefin block copolymer (A-1 ) further Include an olefin block copolymer of fonnula (I) wherein 
the g^ linkage is an ether, ester or amide linkage and the segment is prepared by chain polymerization. 
[0035] The olefin block copolymer (A-2) is represented by fomriula (II), 

PO^ - f^ - R^- (X^)„ - h^ (II) 
wherein P02 is a polyolefin segment composed of repeating units derived from an olefin having 2 to 20 carbon atoms, 
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is an ether, ester or amide linkage, is a functional segment prepared by chain polymerization. is an ester, 
ether, amide, imide. urethane, urea, silylether or carbonyl linkage, h^ is a polar group selected from an amino group, 
a halogen atom, an isocyanate group, an aldehyde group, a hydroxyl group, a carboxyl group, an acid anhydride group, 
a silanol group, a sulfonic acid group and an epoxy group, and n is 0 or 1. 
s [0036] Examples of the chain polymerization include radical polymerization, ring-opening polymerization and Ionic 
polymerization. 

[0037] With respect to the olefin block copolymer (A-2), it is preferable that the h^ polar group be an amino group, 
a halogen atom, an isocyanate group, an aldehyde group or a carboxyl group, and n be 0; that the h^ polar group be 
a halogen atom, an isocyanate group or an aldehyde group, and n be 0; that the segment be a functional segment 
10 having a molecular weight of less than 500; and that n be 1 . Preferably, the segment is a functional segment obtained 
by radical polymerization or ring-opening polymerization. 

[0038] Examples of the olefin block copolymer (A-2) include an olefin block copolymer (A-21 ) wherein the PO^ seg- 
ment of formula (II) has a weight- average molecular weight of less than 2000. 

[0039] The PO^ segment of the olefin block copolymer (A-21) is obtained by coordination-anionk: polymerization or 
15 copolymerization of at least one olefin selected from olefins having 2 to 20 carbon atoms. Preferably, the PO^ segment 

is obtained by polymerizing or copolymerizing at least one a-olefin selected from linear or branched a-olefins having 

2 to 20 carbon atoms. The PO^ segment preferably has a molecular-werght distribution (Mw/Mn) of not more than 2.5. 

The R2 segment is preferably obtained by radical polymerization of at least one radically polymerizable monomer. 

Examples of the radically polymerizable monomer include unsaturated carboxylic acids, derivatives thereof, aromatic 
20 vinyl compounds, hydroxyl group-containing ethylenically unsaturated compounds, nitrogen-containing ethylenically 

unsaturated compounds, epoxy group-containing ethylenically unsaturated compounds, vinyl ester compounds and 

vinyl chloride. The R^ segment is obtained, for example, by ring-opening polymerization of at least one cyclic monomer. 

Examples of the cyclic monomer include lactone, lactam, 2-oxazoline and cyclic ethers. 

[0040] The process for preparing the olefin block copolymer (A-2) comprises the steps of: 

25 

carrying out chain polymerization of a chain polymerizable monomer by generating an active species for chain 
polymerization in the presence of a polyolefin which links with a Group 13 element in the terminal position of one 
side, to prepare an olefin block copolymer (A-2b) having an active species for chain polymerization in the terminal 
position, which is represented by fomnula (Mb); 

30 

PO^ - f^ - R^ - O - 2 (lib) 

wherein PO^, f^ and R^ have the same meaning as given in fomnula (II), and Z is an active species for chain 
^ polymerization: and then 

replacing the active species for chain polymerization of the olefin block copolymer (A-2b) with a functional group 
containing an oxygen, nitrogen, silicon or halogen atom and optionally allowing the olefin block copolymer having 
in the terminal position a functional group containing an oxygen, nitrogen, silicon or halogen atom to react with a 
compound having, in its molecule, at least two functional groups capable of reacting with the above functional 
group, to prepare the olefin block copolymer (A-2). 

[0041] Examples of the process for generating an active species for chain polymerization in the presence of a poly- 
olefin which links with a Group 1 3 element in the temninal position of one side include a method where a polyolefin 
which links with boron in the temiinal position of one side is brought into contact with oxygen to generate an active 
species for radical polymerization; a method where a polyolefin which links with aluminum in the terminal position of 
one side Is brought into contact with oxygen to generate an active species for ring-opening polymerization; a method 
where a polyolefin which links with aluminum in the terminal position of one side is brought into contact with oxygen, 
subjected to alcoholysis and brought into contact with such an organophosphorus compound as phosphoranylidene 
aminophosphonium chloride to generate an active species for ring-opening polymerization or anionic polymerization; 
^ and a method where a polyolefin which links with aluminum in the temninal position of one side is brought into contact 
with oxygen, subjected to alcoholysis and brought into contact with such an organolithium compound as butyl lithium 
to generate an active species for anionic polymerization. 

[0042] Examples of the chain polymerizable monomer Include radically polymerizable monomers, ring-opening po- 
lymerizable monomers and ionically polymerizable monomers. 
^ [0043] Examples of the active species for chain polymerization include active species for radical polymerization, 
ring-opening polymerization and ionic polymerization. 

[0044] In formula (lib), Z is a group containing an oxygen-Group 13 element bond represented by -O-M^ (wherein 
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O is an oxygen atom and is a Group 13 elenfient). 

[0045] The olefin block copolymer (A-3) is represented by formula (lit): 

5 PO^ - - (III) 

wherein PO^ is a polyolefin segment composed of repeating units derived from an olefin having 2 to 20 carbon atoms, 
is an ester, ether, amide, imide. urethane, urea, silylelher or carbonyl linkage, and is a polar segment containing 
an unsaturated hydrocarbon or a hetero atom, which is prepared by a condensation reaction, an ion reaction or an 
addition reaction. 

[0046] With respect to the olefin block copolymer (A-3). it is preferable that the g^ linkage be a urea, sllylether or 
carbonyl linkage; that the g^ linkage be an ether, ester, amide, imide or urethane linkage; that the bonding structures 
of monomer units in the segment be symmetrical about the center of the monomer units; that the be obtained 
by subjecting an amphoteric electrolyte monomer to a condensation reaction, an ion reaction or an addition reaction; 
that the F^ segment comprise monomer units containing an aliphatic ring or an aromatic ring; and that the PO^ segment 
have a molecular weight distribution (Mw/Mn) of not more than 2.5. 

[0047] The process for preparing the olefin block copolymer (A-3) comprises the steps of: 

replacing the terminal Group 1 3 element in a polyolefin which links with a Group 1 3 element in the terminal position 
^ of one side with a functional group containing an oxygen, nitrogen, silicon or halogen atom, to prepare a polyolefin 

having a functional group in the terminal position, and then, 

allowing the polyolefin having a functional group in the terminal position to react with a polar polymer having in the 
temninal position a functional group capable of reacting with the above terminal functional group, to prepare the 
olefin block copolymer (A-3). 

25 

[0048] The olefin block copolymer (A-4) is represented by fonnula (IV) 



30 



35 



40 
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PO"* - g"^ - F* - g^* - PO^^ (IV) 

wherein PO^ and PO^*, which may be the same or different, are each a polyolefin segment composed of repeating 
units derived from an olefin having 2 to 20 carbon atoms, g^ and g^^, which may be the same or different, are each an 
ester, ether, amide, Imide, urethane, urea, silylether or carbonyl linkage, and F* is a polar segment containing an 
unsaturated hydrocarbon or a hetero atom, which is prepared by a condensation reaction, an ion reaction or an addition 
reaction. 

[0049] With respect to the olefin block copolymer (A-4), it is preferable that the linkage and the g^* linkage be 
each a urea, silylether or carbonyl linkage; that the g* linkage and the g^^ linkage be each an ether, ester, amide, imide 
or urethane linkage; that the bonding structures of monomer units in the F^ segment be symmetrical about the center 
of the monomer units; that the F"* segment be prepared by subjecting an amphoteric electrolyte monomer to a con- 
densation reaction, an Ion reaction or an addition reaction; that the F-* segment comprise monomer units containing 
an aliphatic ring or an aromatic ring; and that the PO* segment and the PO^* segment each have a molecular weight 
distribution (Mw/Mn) of not more than 2.5. 

[0050] The process for preparing the olefin block copolymer (A-4) comprises the steps of: 

replacing the terminal Group 1 3 element in a polyolefin which links with a Group 1 3 element in the terminal position 
of one side with a functional group containing an oxygen, nitrogen, silicon or halogen atom, to prepare a polyolefin 
having a functional group in the terminal position, and then, 

allowing the polyolefin having a functional group in the tenminal position to react with a polar polymer having in the 
temninal position of both sides a functional group capable of reacting with the above temninal functional group, to 
prepare the olefin block copolymer (A-4), 

[0051] The olefin block copolymer (A-5) is represented by formula (V) 

POB* - g' - F® (V) 
wherein POB^ is a di-block segment derived from the olefin block copolymer (A-2), g^ is an ester, ether, amide, imide, 
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urethane, urea, silylether or carbonyl linkage, and is a polar segment containing an unsaturated hydrocarbon or a 
hetero atom, which is prepared by a condensation reaction, an ion reaction or an addition reaction. 
[0052] The process for preparing the olefin block copolymer (A-5) comprises the steps of: 

preparing the olefin block copolymer (A-2) of formula (II) by the process for preparing the olefin block copolymer 
(A-2). 

PO^ - f^ . . (x^)„ - h^ (II) 

wherein PO^, f2, r2^ x^, h2 and n each have the same meaning as in formula (II), and then, 
allowing the olefin block copolymer (A-2) of formula (II) to react with a polar polymer having in the temninal position 
of one side a functional group capable of reacting with the temninal h^ functional group of the copolymer (A-2), to 
prepare the olefin block copolymer (A-6). 

[0053] The olefin block copolymer (A-6) is represented by fomnula (VI) 

POB® - g® - - g^® - POB^® (VI) 



wherein POB^ and POB^^ which may be the same or different, are each a di-block segment derived from the olefin 
block copolymer (A-2), g^ and g^^ which may be the same or different, are each an ester, ether, amide, imide, urethane, 
urea, silylether or carbonyl linkage, and F^ is a polar segment composed of a hydrocarbon or a polar segment containing 
an unsaturated hydrocarbon or a hetero atom, which is prepared by a condensation reaction, an ion reaction or an 
addition reaction. 

[0054] With respect to the olefin block copolymer (A-6), it is preferable that the F® segment be a polar segment 
containing an unsaturated hydrocarbon or a hetero atom, which is prepared by a condensation reaction, an ion reaction 
or an addition reaction. 

[0055] The process for preparing the olefin block copolymer (A-6) comprises the steps of: 

30 

preparing the olefin block copolymer (A-2) of formula (II) by the process for preparing the olefin block copolymer 
(A-2). 

35 PO^ - f^- R^- (X^)„- h^ (II) 

wherein P02, f2, r2^ x^, h^ and n each have the same meaning as in formula (II), and then, 
allowing the olefin block copolymer (A-2) of formula (II) to react with a polar polymer having in the tenninal position 
of both sides a functional group capable of reacting with the terminal h^ functional group of the copolymer (A-2). 
to prepare the olefin block copolymer (A-6). 

[0056] The olefin block copolymer (A-7) is represented by fonnula (VII); 

(POB^ - g^ -), - (VI) 

wherein POB^ j, which may be the same or different, are each a di-block segment derived from the olefin block copol- 
ymer (A-2) or a di-block segment derived from the olefin block copolymer (A-3), the g^, linkage, which may be the same 
or different, are each an ester, ether, amide, imide, urethane, urea, silylether or carbonyl linkage, and the linkage 
group is a polyvalent group containing an unsaturated hydrocarbon or a hetero atom, i is an integer of 1 to 5 and k is 
an integer of 2 to 500. 

[0057] The process for preparing the olefin block copolymer (A-7) comprises the steps of: 

preparing the olefin block copolymer (A-2) of formula (II) by the process for preparing the olefin block copolymer 
(A-2). 
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PO^ - - R^- (X^)n - (II) 

wherein PO^, f2, r2^ x2, h2 and n each have the same meaning as in fonnula (11), and then, 

allowing the olefin block copolymer (A-2) of formula (II) to react with a polyfunctionat compound or a polyfunctional 

polymer, to prepare the olefin block copolymer (A* 7). 

[0058] The process for preparing the olefin block copolymer (A-7). further, comprises the steps of: 

preparing the olefin block copolymer (A-3) of formula (III) by the process for preparing the olefin block copolymer 
(A-3). 

PO^.g^-F^ (III) 
wherein PO^, g^ and each have the same meaning as in formula (IH). and then. 

allowing the olefin block copolymer (A-3) of formula (Ml) to react with a polyfunctional compound or a polyfunctional 
polymer, to prepare the olefin block copolymer (A-7). 

[0059] Other process for preparing the olefin block copolymer (A-7) comprises the steps of: 

preparing the olefin block copolymer (A-2) of formula (II) by the process for preparing the olefin block copolymer 
(A-2), 

PO^ - f^ - R^- (X^)n - h^ (11) 
wherein PO^, f2, R2^ x2, h^ and n each have the same meaning as in formula (II), 

preparing the olefin block copolymer (A-3) of formula (111) by the process for preparing the olefin block copolymer 
(A-3). 



PO^-g^-F^ (111) 
wherein PO^, and F^ each have the same meaning as in formula (III), and then, 

allowing the olefin block copolymer (A-2) of fomriula (II) and the olefin block copolymer (A-3) of fomnula (III) to react 
with a polyfunctional compound or a polyfunctional polymer, to prepare the olefin block copolymer (A-7). 

[0060] The process for preparing an olefin block copolymer (A-8) comprises the steps of: 

allowing a polyolefin having a hydroxyl group in the terminal position to react with an organolithium compound or 
an organophosphorus compound to prepare a polyolefin having lithium in the terminal position, whrch is represent- 
ed byfonnula (VIII) 

PO®-0-LP (VIII) 



wherein PO^ is a polyolefin segment having a weight-average molecular weight of 1 .000 to 10,000,000 and LP is 
so lithium or a phosphorus-containing group, and then 

subjecting a (meth)acrylate to anionic polymerization in the presence of the polyolefin having lithium or a phos- 
phorus-containing group In the terminal position, to prepare an olefin block copolymer comprising a polyolefin 
segment and a poly(meth)acrylate segment. 

55 [0061] Preferably, the polyolefin of formula (VIII) has a molecular-weight distribution (Mw/Mn) of at least 2. It is pref- 
erable In the invention that the poly(meth)acrylate segment have stereoregularity and that the poly(meth)acrylate seg- 
ment be produced by copolymerizing at least two (meth)acrylates. 
[0062] The resin for adhesion comprises the olefin block copolymer (A-1 ). 
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[0063] With respect to the resin for adhesion, it is preferable that the segment of the olefin block copolymer (A- 
1) represented by fomnula (t) have a weight-average molecular weight of less than 500. 
[0064] Examples of the resin for adhesion include a hot melt adhesive. 

[0065] The hot melt adhesive composition of the invention comprises the olefin block copolymer (A-1) in an amount 
5 of 1 0 to 90 parts by weight and a tackifier resin (B) in an amount of 90 to 1 0 parts by weight based on the total amount 
100 parts by weight of the olefin block copolymer (A-1) and the tackifier resin (B). 

[0066] The molded article comprises the olefin block copolymer (A-1 ) or an olefin polymer composition (D) containing 
the olefin block copolymer (A>1) and a thenmoplastic resin (C) other than the copolymer (A-1). 

[0067] Examples of the molded article include molded articles used in construction and civil engineering, automobile 
10 interior and exterior parts, gasoline tanks, electric and electronic parts, medical and sanitary molded articles, miscel- 
laneous molded articles, environmentally degradable resin-molded articles, films or sheets, and sheets or films having 
a multi-layered structure. 

[0068] The modifier of the invention comprises the olefin block copolymer (A-1). 

[0069] Examples of the modifier include modifiers used for resins, rubbers, lubricating oils, waxes, cements, and ink 
IS and paints; and modifiers used for improving dispersion properties of fillers. 

[0070] The filler-containing resin composition of the invention comprises the olefin block copolymer (A-1 ) and a filler. 
[0071] The process for preparing the filler-containing resin composition comprises the steps of: 

polymerizing or copolymerizing an olefin of 2 to 20 carbon atoms and 
20 polymerizing or copolymerizing such a chain-polymerizable monomer as a radically polymerizable monomer, a 

ring-opening polymerizable monomer or an ionlcally polymerizable monomer in the presence of the polyolefin 
obtained by the above polymerization and a filler. 

[0072] The dispersion of the invention is obtainable by dispersing the olefin block copolymer (A-1) or the olefin pol- 
25 ymer composition (D) containing the olefin block copolymer (A-1 ) and a themnoplastic resin (C) other than the copolymer 
(A-1) in a liquid phase. 

[0073] Examples of the dispersion include an aqueous resin dispersion wherein the olefin block copolymer (A-1) or 
the olefin polymer composition (D) is dispersed in water; and an oily resin dispersion wherein the olefin block copolymer 
(A-1) or the olefin polymer composition (D) is dispersed in an organic medium. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0074] 

35 Fig. 1 is a set of schematic views for explaining a method for measuring heat-resistant creeping characteristics. 

Fig. (A) is a front view and Fig.(B) is a side view. 

Fig. 2 is a block diagram showing measuring equipments for use in Example 46. In Fig. 2, 1 is a measurement 
room, 2 is a sample, 3 is a bismuth electrode, 4 is a bearing electrode, 5 is a grid electrode, 6 is a temperature 
recorder, 7 is a changeover switch, 8 is an electrometer, 9 is a ammeter and 10 and 11 are each a recorder. 
40 Fig. 3 is a graph showing the results of attenuation in surface electric potential measured in Example 46 and 

Comparative Example 8. 

Fig. 4 shows a heat-induced current spectrum measured in Example 46. 

Fig. 5 shows a heat-induced current spectrum measured in Comparative Example 8. 

45 BEST MODE TO CARRY OUT THE INVENTION 

[0075] The olefin block copolymers, the processes for producing the same, and the uses of the copolymers will be 
described in detail thereinafter. 

50 Olefin Block Copolymer (A-1) 

[0076] The olefin block copolymer (A-1 ) comprises a polyolefin segment and a functional segment and is represented 
by following formula (I): 

^ PO^-g^-B^ (I) 
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wherein POMs a segment comprising repeating units derived from an olefin of 2 to 20 carbon atoms, specifically. 
PO^ is a homopolymer or a copolymer of an olefin selected from olefins of 2 to 20 cartwn atoms. When the polyolefin 
segment has stereoregularity, the polyolefin may be either an isotactic polyolefin or a syndiotactic polyolefin. 
[0077] Examples of the olefins having 2 to 20 carbon atoms include linear or branched a-olefins, cycloolefins, aro- 
matic vinyl compounds, conjugated dienes and non-conjugated polyenes. 

[0078] Specific examples of the linear or branched a-olefins include linear a-olefins of 2 to 20. preferably 2 to 10 
carbon atoms, such as ethylene, propylene. 1-butene, 1-penlene. 1-hexene. 1-oclene. 1-decene, 1-dodecene, 1-tel- 
radecene, 1 -hexadecene, 1 -octadecene and 1 -eicosene; and branched a-olefins of preferably 5 to 20, more preferably 
5 to 10 carbon atoms, such as 3-methyl-1-butene, 4-methyl-1-pentene, 3-methyI-1-pentene, 3-ethyI-1-pentene, 
4,4-dimethyl-1-pentene, 4-methyl-1 -hexene, 4,4-dimethyl-1-hexene, 4-ethyl-1-hexene and 3-ethyl-1-hexene. 
[0079] Specific examples of the cycloolefins include those of 3 to 20. preferably 5 to 15 carbon atoms, such as 
cyclopentene, cycloheptene. norbomene, 5-methyl-2-norbomene, tetracyclododecene and vinylcyclohexane. 
[0080] Specific examples of the aromatic vinyl compounds include styrene and mono- or poly-alky I styrenes, such 
as a-methylstyrene, o-methylstyrene, m-methylstyrene. p-methylstyrene. o.p-dimethylstyrene. o-ethylstyrene. m-ethyl- 
styrene and p-ethylstyrene. 

[0081] Specific examples of the conjugated dienes include those of 4 to 20, preferably 4 to 1 0 carbon atoms, such 
as 1,3-butadiene, isoprene, chloroprene. 1 ,3-pentadiene. 2. 3-dlmethylbutadiene. 4-methyl-1 .3-pentadiene. 1,3-pen- 
tadiene. 1 ,3-hexadiene and 1 ,3-octadiene. 

[0082] Specific examples of the non-conjugated polyenes include those of 5 to 20. preferably 5 to 1 0 carbon atoms, 
such as 1 ,4-pentadiene, 1,4-hexadiene, 1 .5-hexadiene= 1 .4-octadiene, 1 ,5-octadiene, 1 ,6-octadiene, 1 .7-octadiene. 
2-methyl-1 ,5-hexadiene, 6-methyl-1 ,5-heptadiene, 7-methyl-1 ,6-octadiene, 4-ethylidene-8-methyl-1 ,7-nonadiene, 
4,8-dimethyl-1 ,4,8-decatriene (DMDT), dicyclopentadiene, cyclohexadiene, dicyclooctadiene, methylenenorbornene, 
5-vinylnorbornene, 5-ethylidene-2-norbomene, 5-methylene-2-norbornene, 5-isopropyridene-2-norbornene, 6-chlo- 
romethyl-5-isopropenyl-2-norbomene, 2.3-diisopropyridene-5-norbornene, 2-ethylidene-3-isopropyridene-5-nor- 
bornene and 2-propenyl-2,2-norbornadiene. 

[0083] The segment PO^ has a weight-average molecular weight (Mw) of. although not particularly limited to, usually 
500 to 1 ,000,000, preferably 5,000 to 500,000, more preferably 10,000 to 50,000. 

[0084] Referring to formula (I), g^ is an ester linkage, an ether linkage, an amide linkage, an imide linkage, a urethane 
linkage (-NHCOO-), a urea linkage (-NH-CO-NH-), a silylether linkage or a carbonyl linkage. Of these, an ether linkage, 
an ester linkage and an amide linkage are preferred. An ether linkage is particularly preferable. The linkage g^ chem- 
ically bonds the segment PO^ and the segment described below. 

[0085] The linkage g^ occasionally contains a part of the structure fonmed by such polymerization as radical polym- 
erization, ring-opening polymerization or Ionic polymerization. 

[0086] Referring to fomiula (I), is a segment containing an unsaturated hydrocarbon or a hetero atom. Specifically, 
B^ is a segment comprising repeating units derived from, for example, a radically polymerizable monomer, such as 
unsaturated carboxylic acids, derivatives thereof, aromatic vinyl compounds, vinyl compounds containing residues of 
heterocyclic compound, hydroxyl group-containing ethylenically unsaturated compounds, nitrogen-containing ethylen- 
icaily unsaturated compounds, epoxy group-containing ethylenically unsaturated compounds, vinyl ester compounds 
and vinyl chloride; or a cyclic monomer, such as lactone, lactam, 2-oxazoline and cyclic ethers, 
[0087] Examples of the unsaturated carboxylic acids include acrylic acid, methacrylic acid, maleic acid, fumaric acid, 
tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic acid, norbomenedicarboxylic acid and 
bicyclo[2,2.1 ]hept-2-ene-5,6-dicarboxylic acid. Examples of the derivatives of unsaturated carboxylic acids include acid 
anhydrides, acid halldes, acid amides, acid imides and acid esters of the above unsaturated carboxylic acids. 
[0088] Specific examples of such compounds include malenyl chloride, malenyl imide, maleic anhydride, itaconic 
anhydride, citraconic anhydride, tetrahydrophthalic anhydride, bicyclo[2,2.1)hept-2-ene-5,6-dicarboxylic anhydride, 
dimethyl maleate, monomethyl maleate, diethyl maleate, diethyl fumarate, dimethyl itaconaie, diethyl citraconate, dime- 
thyl tetrahydrophthalate, dimethyl bicyclo[2,2,1]hept-2-ene-5.6-dicarboxylate, hydroxyethyl (meth)acrylate. hydroxy- 
propyl (meth)acrylate, glycidyl (meth)acrylate. aminoethyl methacrylate and aminopropyl methacrylate. Of these, pre- 
ferred are (meth)acrylfc acids, maleic anhydride, hydroxyethyl (meth)acrylate. glycidyl methacrylate and aminopropyl 
methacrylate. 

[0089] Examples of the aromatic vinyl compounds Include conrpounds represented by the following fomnula: 
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R^C=CR'' 




wherein and R"*, which may be the same or different, are each hydrogen or an alkyi group of 1 to 3 carbon 
atoms, specifically a methyl group, an ethyl group, a propyl group or an isopropyl group; R^ denotes a hydrocarbon 
group of 1 to 3 carbon atoms or a halogen atom, specifically a methyl group, an ethyl group, a propyl group, an isopropyl 
group, a chlorine atom, a bromine atom or an iodine atom; and n is an integer of 0 to 5, preferably 1 to 5. 
[0090] Specific examples of the aromatic vinyl compounds represented by the above formula include styrene, a- 
methylstyrene, o-methylstyrene, p-methylstyrene, m-methylstyrene. p-chlorostyrene. m-ch!orostyrene and p-chlo- 
romethylstyrene. 

[0091] Specific examples of the vinyl compounds containing residues of heterocyclic compound include 4-vinylpyri- 
dine, 2-vinylpyridine, 5-ethyl-2-vlnylpyridine. 2-methyl-5-vinylpyridine, 2-isopropenylpyridlne. 2-vinylquinoline, 3-vinyl- 
isoquinoline, N-vinylcarbazole and N-vinylpyrrolldone. 

[0092] Examples of the vinyl ester compounds are vinyl acetate, vinyl propionate, vinyl n-butyrate, vinyl isobutyrate, 
vinyl pivalate, vinyl caproate, vinyl versatate, vinyl laurate, vinyl stearate. vinyl benzoate, vinyl p-tert-butylbenzoate, 
vinyl salicylate and vinyl cyclohexanecarboxylate. 

[0093] Examples of the hydroxyl group-containing ethylenically unsaturated compounds include (meth) acrylic acid 
esters, such as hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2-hy- 
droxy-3-phenoxy-propyl (meth)acrylate, 3-chloro-2-hydroxypropy! (meth)acrylate, glycerol mono(meth)acrylate, pen- 
taerythritol mono(meth)acrylate, trimethylolpropane mono(meth)acrylate. teiramethylolethane mono(meth)acrylate, 
butanediol mono{meth)acrylate. polyethylene glycol mono(meth)acrylate and 2-(6'hydroxyhexanoyloxy)ethyl acrylate; 
and 10-undecene-1-ol. 1-octene-3-ol, 2-methanol norbornene, hydroxystyrene. hydroxyethyl vinyl ether, hydroxybutyl 
vinyl ether, N-methylolacrylamide, 2-(meth)acryloyloxyethyl acid phosphate, glycerol monoallyl ether, allyl alcohol, al- 
lyloxyethanol, 2-butene-1,4-dlol and glycerol monoalcohol. 

[0094] Examples of the nitrogen-containing ethylenically unsaturated compounds Include amino group-containing 
ethylenically unsaturated compounds containing an ethylenic double bond and an amino group. Specific examples of 
such compounds include vinyl monomers having at least one amino group or substituted amino group of the following 
formula: 




wherein R® denotes hydrogen, a methyl group or an ethyl group: is hydrogen, an alkyI group of 1 to 12, 
preferably 1 to 8 carbon atoms or a cycloalkyi group of 6 to 12, preferably 6 to 8 carbon atoms. The alkyI group and 
the cycloalkyi group may have a substltuent group. 

[0095] Specific examples of the amino group-containing ethylenically unsaturated compounds include alkyI ester 
derivatives of acrylic acid or methacrylic acid, such as aminoethyl (meth)acrylate, propylaminoethyl (meth)acrylate, 
dimethylaminoethyl methacrylate, aminopropyl (meth)acrylate, phenylaminoethyl methacrylate and cyclohexylaminoe- 
thyl methacrylate; derivatives of vinylamine, such as N-vinyldiethylamine and N-acetylvinylamine; derivatives of al- 
lylamlne, such as allylamine, methacrylamine, N-methylacrylamine, N,N-dimethylacrylamlde and N,N-dimelhylamino- 
propylacrylamide; derivatives of acrylamide, such as acrylamlde and N-methylacrylamide; aminostyrenes, such as p- 
aminostyrene; and 6-amtnohexyl succinimide and 2-aminoethyl succinimlde. 

[0096] The epoxy group-containing ethylenically unsaturated compound is a monomer having at least one polymer- 
izable unsaturated bond and at least one epoxy group in the molecule. Specific examples of the epoxy group -containing 
ethylenically unsaturated compounds include glycidyl acrylate, glycidyl methacrylate; mono- and di-glycidyl esters of 
dicarboxylic acid (number of cartson atoms of the alkyI group in the case of monoglycidyl ester: 1 to 12), such as 
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monoglycidyl maleate, diglycldyl maleate, monogtycidyl fumarate. diglycidyl fumarate, monogtycidyl crotonate, digly- 
cidyl crotonate, monoglycidyl tetrahydrophthalate. diglycidyl tetrahydrophthalate, monoglycidyl itaconate, diglycidyl ita- 
conate. monogtycidyl butenetricarboxylate. diglycidyl butenetricarboxylate, monoglycidyl citraconate, diglycidyl citra- 
conate, monoglycidyl ester of endo-cis-bicyclo[2.2.l]hept-5-ene-2,3-dicart)Oxylic acid (nadic acid^"), diglycidyl ester 
thereof, monoglycidyl ester of endo-cis-bicyclo[2.2.1]hept-5-ene-2-methyl-2,3-dicarboxyHc acid (methylnadic acld^'*), 
diglycidyl ester thereof, monoglycidyl allylsuccinale and diglycidyl atlylsuccinale; and alkylglycidyl p-styrenecarboxy- 
late, allyl glycidyl ether, 2-methylallyl glycidyl ether, styrene-p-glycidyl ether. 3.4-epoxy-1 -butene, 3.4-epoxy-3-methyl- 
1 -butene, 3.4-epoxy-1 -pentene, 3,4'epoxy-3-methyl-1 -pentene, 5.6-epoxy-1 -hexene and vinylcyclohexene monoxide. 
[0097] Of the above radically polymerizable monomers, preferred are aromatic vinyl derivatives, (meth)acryllc acid 
derivatives, maleic anhydride, vinyl acetate, acrylonitrile, 9-vinyl carbazole, N-vinyl pyrrolidone, N.N-dimethylacryla- 
mide, isobutyl vinyl ether and isobutene. Even more preferred are styrene, maleic anhydride, methyl methacrylate, 
ethyl methacrylate, tert-butyl methacrylate. vinyl acetate, vinyl acrylate, butyl acrylate. acrylonitrile and vinyl chloride. 
[0098] Specific examples of the cyclic monomers include P-propiolactone, p-butyrolactone. S-valerolactone. glycol- 
ide, lactide, e-caprolactone, a-pyrrolidone. ybutyrolactam, E-caprolactam, ethyleneoxide, propyleneoxide, epichloro- 
hydrin, oxetane. tetrahydrofuran, aziridine and octamethylcyclotetrasiloxane. 

[0099] The segment B^ which is bonded in the terminal position of one side to the segment PO^ via the linkage g^, 
may be bonded in the temrjinal position of the other side to a polar group selected from an amino group, a halogen 
atom, an isocyanate group, an aldehyde group, a hydroxyl group, a cart^oxyl group, an acid anhydride group, a silanol 
group, a sulfonic group and an epoxy group. In such a case, the polar group may be bonded to the segment via an 
ester linkage, an ether linkage, an amide linkage, an imide linkage, a urethane linkage, a urea linkage, a sitylether 
linkage or a carbonyl linkage. 

[0100] The segment has a weight-average molecular weight of, although not particulariy limited to, usually 50 to 
1 .000,000, preferably 100 to 500,000. 

[0101] The proportion of the segment B^ in the olefin block copolymer (A-1) is. although not particularly limited to. 
0,01 to 99.99 % by weight, preferably 1 to 99 % by weight, more preferably 1 to 95 % by weight based on the olefin 
block copolymer (A-1 ). 

[0102] The olefin block copolymer (A-1 ) has a melt flow rate (MFR: ASTM D 1238, 230°C. 2.16kg load) of usually 
0.01 to 200 g/IOmin preferably 0.05 to 100 g/10min. more preferably 0.05 to 80 g/IOmin. 

[0103] The olefin block copolymer (A-1) can be prepared, for example, by first producing a polyolefin which links 
with a Group 13 element in the terminal position, fomriing a polymerization active species for chain polymerization, e. 
g., radical polymerization, ring-opening polymerization or ionic polymerization, and performing such a reaction in the 
presence of the polyolefin, and, according to necessity, converting an end of the segment produced as a result of the 
chain polymerization, e.g., radical polymerization, ring-opening polymerization or ionic polymerization, to a polar group 
containing oxygen, nitrogen, silicone or a halogen. 

[0104] With the blend of a thermoplastic resin, the olefin block copolymer (A-1 ) can be used for various purposes as 
the olefin polymer composition (D). The thermoplastic resin used herein is. for example, the thermoplastic resin (C) 
shown below. 

(Thermoplastic Resin (C)) 

[0105] Examples of the thermoplastic resin (C) contained in the olefin polymer composition (D) include polyolefins. 
polyamides, polyesters, polyacetals, polystyrene, acrylonltrile/butadiene/styrene copolymer (ABS). polycartaonate, 
potyphenyleneoxide, polyacrylates and polyvinyl chloride. 

[0106] Specific examples of polyolefins include ethylene polymers, such as ethylene homopolymer, ethylene/a-olefin 
copolymers and ethylene/polar group-containing vinyl copolymers; propylene polymers, such as propylene homopol- 
ymer and propylene/a-olefin copolymers: butene polymers, such as butene homopolymer; 4-methyl-1 -pentene poly- 
mers, such as 4-methyl-1 -pentene homopolymer; 3-methyt-1 -butene polymers, such as 3-methyl-1 -butene homopol- 
ymer; and hexene polymers, such as hexene homopolymer. Of these, ethylene polymers, propylene polymers and 
4-methyl-1 -pentene polymers are prefen^ed. When the polyolefin Is an ethylene polymer, an ethylene/polar group- 
containing vinyl copolymer is preferred. 

[0107] Specific examples of the polyesters include aromatic potyesters, such as polyethylene terephthalate, poly- 
ethylene naphthalate and potybutylene terephthalate; and aliphatic polyesters, such as polylactic acid, polyglycolte 
acid, poly-p-hydroxy butyric acid, polycaprolactone, potybutylene succinate, polyethylene succinate and polyhydroxy 
butyrate. Of these, polyethylene terephthalate Is particularly preferred. 

[0108] Specific examples of the polyamides include aliphatic polyamides. such as nylon-6. nylon-66, nylon-10. nylon- 
12 and nylon-46; and aromatic polyamides produced from an aromatic dicarboxylic acid and an aliphatic diamine. Of 
these, nylon-6 is particularly preferred. 

[0109] Specific examples of the polyacetals include polyfomialdehyde (polyoxymethylene), polyacetaldehyde, poly- 
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propionatdehyde and polybutylaldehyde. Of these, potyformaldehyde is particularly preferred. 

[0110] The polystyrene may be a styrene homopolymer or a binary copolymer of styrene and acrylonitrile, methyl 

methacrytate or a-methytstyrene. 

[01111 The ABS preferred for use in the invention is one containing structural units derived from acrylonitrile in an 
amount of 20 to 35 % by mol, those from butadiene In an amount of 20 to 30 % by mol and those from styrene in an 
amount of 40 to 60 % by mol. 

[01 1 2] Examples of the polycarbonates include polymers obtained from bis(4-hydroxyphenyl)methane, 1 . 1 -bis(4-hy- 
droxyphenyl)ethane, 2.2-bis.(4-hydroxyphenyl) propane or 2,2-bis(4-hydroxyphenyl)butane. Of these, particularly pre- 
ferred is the polycarbonate obtained from 2.2-bis(4-hydroxyphenyl)propane. 

[0113] As the polyphenylene oxide, poty{2» 6-dimethyl-1 ,4-phenylene oxide) is preferable for use. 
[0114] As the polyacrylate, polymethyl methacrylate and polybutyl acrylate are preferable for use. 
[01 15] These thermoplastic resins (C) can be used either individually or in combination. 

[0116] The olefin polymer composition (D) ideally contains the olefin block copolymer (A-1) in an amount of 1 to 99 
% by weight, preferably 50 to 99 % by weight, and the thennoplastic resin (C) in an amount of 99 to 1 % by weight, 
preferably 50 to 1 % by weight. 

[01 1 7] The olefin block copolymer (A-1 ) and the olefin polymer composition (D) may contain other additive, such as 
a crosslinking agent, a filler, a crosslinking accelerator, a crosslinking assistant, a softener, a tackifier, an anti-aging 
agent, a foaming agent, a processing assistant, an adhesion improver, an inorganic filler, an organic filler, a crystalline 
nucleating agent, a heat stabilizer, a weathering stabilizer, an antistatic agent, a colorant, a lubricant, a flame retardant 
and a blooming inhibitor. 

(Crosslinking Agent) 

[01 18] The crosslinking agent can be. for example, sulfur, a sulfur compound or an organic peroxide. 

[01 1 9] Examples of the sulfur include powdered sulfur, precipitated sulfur, colloidal sulfur, surface-treated sulfur and 

insoluble sulfur. 

[0120] Examples of the sulfur compounds include sulfur chloride, sulfur dichloride and high-molecular polysulfides. 
Also employable are sulfur compounds which release active sulfur at the crosslinking temperature to make crosslinking, 
such as morpholine disulfide, alkylphenol disulfide, tetramethylthiuram disulfide, dipentamethylenethiuram tetrasulfide 
and selenium dimethyldithiocarbamate. When the sulfur or the sulfur compound is used as the crosslinking agent, it 
is preferable to use a crosslinking accelerator in combination. 

[0121] Examples of the organic peroxides include alkyi peroxides, such as dicumyl peroxide, di-tert-butyl peroxide, 
di-tert-butylperoxy-3,3,5-lrimethylcyclohexane, tert-butylcumyl peroxide, di-tert-amyl peroxide. 2,5-dimethyl-2,5-dl 
(lert-bulylperoxy)hexyne-3, 2,5-dimelhyl-2,5-di(benzoylperoxy)hexane, 2,5-dimelhyl-2,5-di(tert-butylperoxy)hexane, 
a,u-bis(tert-butylperoxy-m-isopropyl)benzene and tert-butyl hydroperoxide; peroxy esters, such as tert-butyl peroxy- 
acetate. tert-butyl peroxy isobuty rate, tert-butyl peroxypivalate, tert-butyl peroxymaleate, tert-butyl peroxyneo- 
decanoate, tert-butyl peroxybenzoate and di-tert-butyl peroxyphthalate; and ketone peroxides, such as dicyclohex- 
anone peroxide. These organic peroxides can be used either individually or In combination. 

[0122] Of these organic peroxides, preferable are those having a temperature, at which their half-life period corre- 
sponds to one minute, of 130 to 200*'C. Specific examples of such organic peroxides include dicumyl peroxide, di-tert- 
butyl peroxide, di-tert-butylperoxy-3.3,5-trimethylcyclohexanG, tert-butylcumyl peroxide, di-tert-amyl peroxide, tert- 
butyl hydroperoxide and 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane. When the organic peroxide is used as the 
crosslinking agent, it Is preferable to use a crosslinking assistant in combination. 

[0123] Of the above various crosslinking agents, the sulfur and the sulfur compound, particularly the sulfur, is pref- 
erable for use because a crosslinked product having excellent properties can be obtained. However, the organs per- 
oxide is the more preferable because of its particularly excellent crosslinking efficiency. 

[0124] When the crosslinking agent is the sulfur or the sulfur compound, it is used in an amount of usually 0.5 to 1 0 
parts by weight, preferably 0.5 to 9 parts by weight, more preferably 0.5 to 8 parts by weight based on 100 parts by 
weight of the olefin block copolymer (A-1) or the olefin polymer composition (D). When other crosslinkable copolymer, 
e.g., an ethylene/triene copolymer is blended, the crosslinking agent or the like is accordingly increased In weight. In 
such a case, the crosslinking agent is used in an amount of usually 0.6 to 1 0 parts by weight, preferably 0.5 to 9 parts 
by weight, more preferably 0.5 to 8 parts by weight based on 1 00 parts by weight of the total of the olefin block copolymer 
(A-1 ) or the olefin polymer composition (D) and other crosslinkable copolymer. It is the case for other components used 
in crosslinking, such as a crosslinking assistant and a crosslinking accelerator. 

[0125] When the crosslinking agent is the organic peroxide, It is used in an amount of 0.05 to 3.0 parts by weight, 
preferably 0.1 to 1 .5 parts by weight based on 100 parts by weight of the olefin block copolymer (A-1) or the olefin 
polymer composition (D). 

[0126] The crosslinking agent Is used in an amount of usually 1 xlO'^ to 1 xio*^ mol, preferably 1 xlO'^ to 1 xlO'^ 
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mol based on 100g of the olefin block copolymer (A-1) or the olefin polymer composition (D). 
[0127] When the crosslinklng agent is used in such an amount as the above range, the crossltnking of the olefin 
block copolymer (A-1) or the olefin polymer composition (D) is appropriately achieved, and the resulting crosslinked 
product is excellent in rubber properties, such as strain recovery and impact resilience, and in mechanical strength, 
5 and can exhibit a good appearance with no surface roughness when extrusion molded into a sheet. And, there is little 
decrease in the molecular weight of the olefin block copolymer (A-1) or the olefin polymer composition (O). and a film 
or sheet obtained tends to have excellent mechanical strength. 

[01 28] The crosslinked composition exhibits the rubber characteristics that the tensile strength and the tear strength 
are high, the surface hardness is low and the elongation set is small, and is excellent in balance of properties as the 
10 elastomer in comparison with a conventional composition produced by melt kneading only 

[0129] Whether or not the composition has been crosslinked can be judged by boiling the composition in boiling 
xylene for at least four hours, and filtering it through a 400-mesh wire gauze to check if the residue can be obtained 
in an amount of 1 0 parts by weight or more based on 1 00 parts by weight of the composition. 

15 (Crosslinklng Accelerator) 

[01 30] Examples of the crosslinklng accelerators include thiazole compounds, such as N-cyclohexyl-2-benzothiazole 
sulfenamide (CBZ), N-oxydiethylene-2-benzothiazole sulfonamide. N,N-diisopropyl-2-benzothiazole sulfonamide, 
2-mercaptobenzothiazole, 2-(2,4-dinitrophenyl)mercaptobenzothiazole, 2-(2,6-dlethyl-4-morpholinothio)benzothia- 

20 zole and dibenzothiazyl disulfide; guanidine compounds, such as diphenylguanidine (DPG), triphenylguanidine, dior- 
thonltrileguanidine. orthonitrile biguanide and diphenylguanidine phthalate; aldehyde amine compounds or aldehyde 
ammonia compounds, such as acetaldehyde-aniline reaction product, butylaldehyde-aniline condensate, hexameth- 
ylenetetramine and acetaldehyde ammonia; imidazoline compounds, such as 2-mercaptoimidazoline; thiourea com- 
pounds, such as thiocarbanilide, diethylthiourea, dibutylthiourea. trimethylthiourea and diorthotolylthiourea; thiuram 

25 compounds, such as tetramethylthiuram monosulfide. tetramethyithiuram disulfide, tetraethylthiuram disulfide, 
tetrabutylthiuram disulfide and pentamethylenethiuram tetrasulfide; dithioate compounds, such as zinc dimethyldithi- 
ocarbamate, zinc diethyldithiocarbamate, zinc di-n-butyldithiocarbamate, zinc ethylphenyldithiocarbamate, zinc butyl- 
phenyldithiocarbamate, sodium dimethyldithiocarbamate, selenium dimethyldithlocarbamate and tellurium dimethyl- 
dlthlocarbamate; xanthate compounds, such as zinc dibutylxanthogenate; and other compounds, such as zinc white. 

30 [01 31 ] The crosslinklng accelerator is used in an amount of 1 to 20 parts by weight, preferably 2 to 1 0 parts by weight 
based on 100 parts by weight of the olefin block copolymer (A-1) or the olefin polymer composition (D). 

(Crosslinklng Assistant) 

35 [01 32] The crosslinklng assistant is used in crosslinklng an organic peroxide. Examples of the crosslinking assistant 
include sulfur; quinone dioxime compounds, such as p-quinone dioxime and p.p'-dibenzoyi quinone dioxime; polyfunc- 
tional monomers, such as, methacrylate compounds, e.g., trimethylolpropane triacrylate and polyethylene glycol 
dimethacrylate; atlyl compounds, such as diallyl phthalate and triallyl cyanurate; maleimide compounds, such as N,N*- 
m-phenylenebismaleimide; and divinylbenzene. 

40 [0133] The crosslinking assistant is used in an amount of 0.5 to 2 mol based on 1 mol of the organic peroxide, 
preferably in an amount approximately equlmolar to that of the organic peroxide. When the crosslinking assistant is 
used in an amount exceeding the above range, the crosslinking reaction excessively proceeds to deteriorate the fluidity 
of the composition, in some cases lowering the moldability and yielding a large amount of unreacted monomers re- 
maining in the composition. 

45 

(Softener) 

[01 34] As the softeners, those commonly compounded in rubbers can be widely employed. Examples of the softeners 
include petroleum softeners, such as process oil. lubricating oil, paraffin, liquid paraffin, petroleum asphalt and vaseline; 

so coal tar softeners, such as coal tar and coal tar pitch; fatty oil softeners, such as castor oil, linseed oil, rapeseed oil 
and coconut oil; tall oil; factice; waxes, such as beeswax, camauba wax and lanolin; fatty acids and fatty acid salts, 
such as rcinolic acid, palmitic acid, barium stearate, calcium stearate and zinc laurate; and synthetic polymer sub- 
stances, such as petroleum resins, atactic polypropylene and coumarone-indene resin. Of these, petroleum softeners 
are preferably used, and process oil is particularly preferably used. 

55 [0135] The softener Is used in an amount of 200 parts by weight or less, preferably 5 to 200 parts by weight, more 
preferably 10 to 150 parts by weight, even more preferably 10 to 100 parts by weight, based on 100 parts by weight 
of the olefin block copolymer (A-1) or the olefin polymer composition (D). 
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(Foaming agent) 

[0136] As the foaming agent, those commonly used in expansion molding of mbbers can be widely employed. Ex- 
amples of the foaming agents include inorganic foaming agents, such as sodium bicarbonate, sodium carbonate, am- 

5 monlum bicarbonate, ammonium carbonate and ammonium nitrite; nitroso compounds, such as N,N'-dimethyl-N,N'- 
dinitrosoterephthalamide and N.N'-dinilrosopentamethyetnetetramine; azo compounds, such as azodicarbonamide. 
azobistsobutyronitrile, azocyclohexylnltrile, azodiamlnobenzene and barium azodicarboxylate; sulfonythydrazide com- 
pounds, such as benzenesulfonylhydrazide, toluenesulfonylhydrazide, p,p'-oxybis(benzenesulfonylhydrazide) and 
diphenylsulfone-3,3'>disulfonylhydrazide; and azide compounds, such as calcium azide, 4,4-diphenyldi5ulfonyl azide 

10 and p-toluenesulfonyl azide. Of these, preferable are nitroso compounds, azo compounds and azide compounds. 
[0137] The foaming agent is used in an amount of 0.5 to 30 parts by weight, preferably 1 to 20 parts by weight, based 
on 100 parts by weight of the olefin block copolymer (A-1) or the olefin polymer composition (D). The olefin block 
copolymer (A-1) or the olefin polymer composition (D) containing the foaming agent in the above amount can give a 
foamed product having an apparent specific gravity of 0.03 to 0.8 g/cm^. 

15 

(Foaming assistant) 

[0138] A foaming assistant can be used together with the foaming agent. The combined use of a foaming assistant 
can produce such effects as decrease in the decomposition temperature of the foaming agent, accelerated decompo- 
20 sition and uniformalization of bubbles. Examples of the foaming assistant include organic acids, such as salicylic acid, 
phthallc acid, stearic acid and oxalic acid; urea and derivatives thereof. 

[01 39] The foaming assistant is used in an amount of 0.01 to 1 0 parts by weight, preferably 0.1 to 5 parts by weight, 
based on 100 parts by weight of the olefin block copolymer (A-1) or the olefin polymer composition (D). 

25 (Processing assistant) 

[0140] Examples of the processing assistant include higher fatty acids, such as ricinolic acid, stearic acid, palmitic 
acid and lauric acid; salts of these higher fatty acids, such as barium stearate, zinc stearate and calcium stearate; and 
esters of these higher fatty acids. The processing assistant Is used in appropriate amounts of not more than 10 parts 
30 by weight, preferably not more than 5 parts by weight, based on 1 00 parts by weight of the olefin block copolymer (A- 
1) or the olefin polymer composition (D). 

(Adhesion Improver) 

35 [0141] The adhesion improver improves adhesion between a layer containing a crosslinked product and other layer 
(e.g., decorative layers, such as a coat). Examples of the adhesion improver include organotin compounds, tertiary 
amine compounds, hydroxyl group-containing (co)polymers and metallic hydroxides. 

(Filler) 

40 

[0142] Fillers are classified into fillers exerting reinforcing effects and fillers exerting no reinforcing effects. 
[01 43] The reinforcing filler exerts effects of enhancing mechank:al properties, such as tensile strength, tear strength 
and abrasion resistance, of the crosslinked product. Examples of such fillers include carbon blacks, such as SRF, GPF, 
FEF, MAF. HAF. ISAF, SAF, FT and MT; the corresponding carbon blacks which are treated on the surface with a silane 
45 coupling agent or the like; silica; activated calcium carbonate; and finely powdered talc. When the carbon black is used 
as the filler, any carbon black commonly used for rubbers can be used without specific limitation. 
[0144] The non -reinforcing filler is used for the purpose of increasing hardness of rubber products without exerting 
a so much influence on the properties and of decreasing the cost. Examples of such fillers include talc, clay and calcium 
carbonate. 

50 [0145] In the present invention, both inorganic fillers and organic fillers can be used. 

[01 46] Examples of the inorganic filler Include silica, diatomaceous earth, alumina, titanium oxide, magnesium oxide, 
pumice powder, pumice balloon, aluminum hydroxide, magnesium hydroxide, basic magnesium carbonate, dolomite, 
calcium sulfate, calcium titanate, barium sulfate, calcium sulfite, talc, clay, mica, asbestos, glass fiber, glass flake, glass 
beads, calcium silicate, montmorillonite, bentonite. graphite, aluminum powder and molybdenum sulfide. 

ss [0147] Of these, layered compounds are preferred. Particutarty preferred are clay minerals that have swelling and 
cleavage properties in a dispersion medium. The clay minerals are generally classified into a type of two-layer structure 
wherein a tetrahedral layer of silica carries an octahedral layer having a central metal of. for example, aluminum or 
magnesium; and a type of three-layer structure wherein an octahedral layer having a central metal of, for example. 
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aluminum or magnesium, is interposed between tetrahedral layers of silica. Exemplary clay minerals of the two-layer 
structure are kaolinite and antigolite group minerals, and those of the three-layer structure are smectite, vemilculite 
and mica group minerals, which are classified in tenns of the number of cations present between layers. 
[0148] Specific examples of the clay minerals include kaolinite, dickite, nacrite, halloysite, antigolite, chrysotile, py- 
5 rophylliie, montmorillonite, beidelllte, nontronlte, saponlte, sauconite, stevensite, hectorite, tetrasllylic mica, sodium 
taeriiolite, muscovite, margarite. talc, vermiculite, phlogopite, xanthophylllle and chlorite. 

[0149] Clay minerals treated with an organic matter (such clay minerals will sometimes be referred to as "organically 
modified clay minerals") may be used as the inorganic layered compound (for information on the clay minerals treated 
with an organic matter, see CLAY DICTIONARY published by ASAKURA Book Store). 
10 [01 50] Of the clay minerals, smectite, venmiculite and mica group minerals are preferred from the viewpoint of swelling 
and cleavage. Smectite group minerals are particularly preferred. Examples of the smectite group minerals include 
montmorillonite, beidelllte, nontronlte, saponlte, sauconite, stevensite and hectorite. 

[0151] In the case where a natural swellable clay mineral is used, the dispersion medium which allows the inorganic 
layered compound to swell or cleave can be, for example, water; alcohols, such as methanol, ethanol. propanol, iso- 
is propanol, ethylene glycol and diethylene glycol; dimethylfomnaldehyde, dimethylsulfoxide and acetone. Of these, pre- 
ferred are water and alcohols, such as methanol. 

[0152] Examples of the dispersion employed in the case where an organically modified clay mineral is used include 
aromatic hydrocarbons, such as benzene, toluene and xylene; ethers, such as ethyl ether and tetrahydrofuran: ketons. 
such as aceton, methyl ethyl ketone and methyl isobutyl ketone; aliphatic hydrocarbons, such as n-pentane, n-hexane 
20 and n-octane; halogenated hydrocarbons, such as chlorobenzene, carbon tetrachloride, chlorofomn, dichloromethane, 
1 ,2-dichloroethaneand perchloroethylene; ethyl acetate, methyl methacrylate (MMA), dioctyl phthalate (OOP), dimeth- 
ylfomnamlde. dimethyl sulfoxide, methyl ceilosolve and silicone oil. 

(Crystalline Nucleating Agent) 

25 

[0153] Various conventional and known nucleating agents can be used as the crystalline nucleating agent without 
limitations. Examples of such crystalline nucleating agents include the aromatic phosphates, the benzylidene sorbitols, 
the aromatic carboxylic acids and the rosin nucleating agents described below. 

[0154] Examples of the aromatic phosphates include compounds represented by following formula (1 ): 
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wherein R8 is an oxygen atom, a sulfur atom or a hydrocarbon group of 1 to 10 carbon atoms; and R^o, which may 
be the same or different, are each hydrogen or a hydrocarbon group of 1 to 10 carbon atoms; R^'s, R^O's or R*s and 
Rio-s may be bonded to each other to form a ring; M is a metallic atom having a valence of 1 to 3; and n is an Integer 
of 1 to 3. 

[0155] Specific examples of the compounds represented by fonmula (1) include sodium-2,2'-methylene-bis(4,6-di- 
tert-butylphenyl)phosphate. sodium-2,2'-ethylidene-bis(4,6-di-tert-butylphenyl)phosphate, lithium-2,2'-methylene4Dis 
(4,6-di-tert-butylphenyl)phosphate. llthium-2,2'-ethylidene-bis (4,6-di-tert-butylphenyl)phosphate, sodium-2,2*-ethyli- 
dene-bis(4-l-propyl-6-tert-butylphenyl)phosphate, llthium-2,2'-methylene-bls{4-methyl-6-tert-butylphenyl)phosphate, 
lithium-2,2'-methylene-bis(4-ethyl-6-tert-butylphenyl) phosphate, cateium-bis[2,2*-thiobis(4-methyl-6-tert-butylphenyl) 
phosphate], calcium-bls[2,2'-thiobis(4-elhyl-6-tert-butylphenyOphosphate]. calcium-bis[2,2'-thiobis (4,6-di-tert-butyl- 
phenyOphosphate], magnesium-bis[2,^-thlobls(4,6-di-tert-butylphenyl)phosphate], magnesium-bis[2,2'-thio- 
bis-(4-tert-octylphenyl)phosphate], sodium-2,2'-butylidene-bis(4.6-di-methylphenyl)phosphate, sodlum-2,2'-butyll- 
dene-bis(4 ,6-di-tert-butylphenyl)phosphate. sodlum-2,2'-tert-octylmethylene-bis(4,6-di-methy Ipheny I) phosphate, so- 
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dium-2,2'-ten-octylmethylene-bis(4.6-di4ert-butylphenyl)phosphate.calcium-bis-(2.2'-methyl^ (4.6-di-tert-butyl- 
phenyl)phosphate): magnesium-bis[2,2'-methylene-bis(4,6-di-tert-butylphenyl)phosphate), barlum-bis(2,2'-methyl- 
ene-bls(4.6-di-tert-butylphenyl)phosphateJ. sodium-2,2*-methylene-bis(4-methyl-6-tert-butylphenyl) phosphate, sodl- 
um-2,2'-methylene-bis(4-ethyl-6-tert-butylphenyl)phosphate, sodium(4,4'-dimethyl-5,6'-di-tert-butyl-2.2'-biphenyl) 
phosphate. calclum-bis[(4.4*-dlmethyl-6,6'-di-tert-butyl-2,2*-biphenyl)phosphateI, sodium-2. 2'-elhylidene-bis(4-m- 
butyl-6-ten-buty)phenyl)phosphate. sodium*2,2'-methylene-bis(4,6-dj-methylphenyl)phosphate, sodium-2,2'-methyl- 
ene'bis(4,6-dt-ethytphenyl)phosphate, potassium-2,2**ethy(idene-bis(4,6-di-tert-butylphenyl) phosphate, calcium-bis 
[2,2*-ethylidene-bis(4,6-dKert-butylphenyl)phosphatel. magnesium-bis[2.2'-ethylidene-bis (4.6-di-tert-butylphenyl) 
phosphate), barium-bis[2,2'-ethyIidene-bis(4,6-di-tert-butylphenyl)phosphate), aluminum-tris(2,2'-methylene-bis 
(4,6-di-tert-butylphenyl) phosphate), aluminum-tris(2,2'-ethylidene-bis(4,6-di-tert-butylphenyl)phosphate and mixtures 
thereof. Of these, sodium-2,2*-methylene-bis(4,6-di-tert*butylphenyl) phosphate is preferred. 
[0156] Examples of the aromatic phosphates include compounds represented by following fonnula (2): 



wherein R^"" is hydrogen or a hydrocarbon group of 1 to 10 carbon atoms, M is a metallic atom having a valence of 1 
to 3, and n is an integer of 1 to 3. 

[01 57] Specific examples of the compounds represented by formula (2) include sodium-bis(4-tert-butylphenyt)phos- 
phate. sodium-bls(4-methylphenyl)phosphate. sodium-bls(4-ethylphenyl)phosphate, sodium-bis(4-l-propylphenyl) 
phosphate, sodium-bis(4-tert-octylphenyl)phosphate, potassium-bis (4-tert-butylphenyl)phosphate, calcium-bis 
(4-tert-butylphenyl)phosphate, magnesium-bis(4-tert-butylphenyl)phosphate, lithium-bis(4-tert-butylphenyl) phos- 
phate, aluminum-bis(4-tert-butylphenyl)phosphate and mixtures thereof. Of these, sodium-bts (4-tert-butylphenyl) 
phosphate is preferred. 

[0158] Examples of the benzylldene sorbitols include compounds represented by following formula (3): 



wherein R12^ which may be the same or different, are each hydrogen or a hydrocarbon group of 1 to 1 0 carbon atoms, 
m and n are each an integer of 0 to 5. 

[0159] Specific examples of the compounds represented by formula (3) include 1 ,3,2,4-dibenzylidene sorbitol, 

1.3- benzylidene-2,4-p-methylbenzylidene sorbitol. 1 ,3-benzylidene-2,4-p-ethylbenzylidene sorbitol. 1 ,3-p-methylben- 
zylidene-2.4-benzylidene sorbitol, 1,3-p-ethylbenzylidene-2,4-benzylidene sorbitol, 1,3-p-methylbenzylidene-2.4-p- 
ethylbenzylldene sorbitol, 1,3-p-ethylben2ylidene-2,4-p-methylben2ylldene sorbitol, 1,3.2.4-di(p-methylbenzylldene) 
sorbitol, 1 ,3.2,4-di(p-ethylbenzylldene)sorbitol. 1 ,3,2,4-di(p-n-propylbenzylidene)sorbltol, 1 ,3,2,4-dl(p-i-propylbenzyli- 
dene)sorbitol, 1 ,3,2,4-di(p-n-butylbenzylidene)sorbitol, 1 ,3,2,4-di(p-s-butylbenzylidene)sorbitol, 1 ,3,2,4-di(p-tert-butyl- 
benzylidene)sort)itol, 1 ,3,2,4-di(2',4'-dlmethylbenzylidene)sorbitol, 1 ,3,2,4-di(p-methoxybenzylidene)sorbilol, 
1,3,2,4-di{p-ethoxybenzylidene)sorbitol, 1 ,3-benzylidene-2-4-p-chlorobenzylidene sorbitol, 1 ,3-p-chlorobenzylidene- 

2.4- benzylidene sorbitol, 1 ,3-p-chlorobenzylidene-2,4-p-methylbenzylldene sorbitol, 1 ,3-p-chlorobenzylidene-2.4-p- 
ethylbenzylidene sorbitol, 1, 3-p-methylbenzylidene-2,4-p-chlorobenzylldene sorbitol. 1 ,3-p-ethylbenzylidene-2.4-p* 
chlorobenzylidene sorbitol, 1 ,3,2,4-di(p-chlorobenzylidene)sorbltol and mixtures thereof. Of these, 1 ,3,2,4>dibenzyli- 
dene sorbitol, 1,3,2,4-di(p-methylbenzylidene)sorbitol, 1 ,3,2,4-di(p-ethylbenzylidene)sorbitol, 1 ,3-p-chlorobenzyli- 
dene-2,4-p-methylbenzylidene sorbitol, 1 .3,2.4-di(p-chlorobenzylidene)sorbltol and mixtures thereof are preferred. 
[0160] Of the above benzylidene sorbitols, preferred are compounds represented by following fomiula (4): 




. . . (2) 




(3) 
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wherein R^2^ which may be the same of different, are each a methyl group or an ethyl group. 
[0161] Examples of the aromatic carboxylic acids include aluminum hydroxydipara-tert-butyl benzoate represented 
by following formula (5). 



[0162] Examples of the rosin crystalline nucleating agents include metallic salts of rosin acid. The metallic salts of 
rosin acid are the reaction products of rosin acid and a metallic compound. Examples of the rosin acid include natural 
rosins, such as gum rosin, toll oil rosin and wood rosin; various modified rosins, such as disproportlonated rosin, hy- 
drogenated rosin, dehydrogenated rosin, polymerized rosin and rosins modified with an a-(3-ethylenically unsaturated 
carboxylic acid; and purified products of the natural rosins and of the modified rosins. Examples of the unsaturated 
carboxylic acid used in preparation of the rosins modified with an a,p-ethylenicatly unsaturated carboxylic acid include 
maleic acid, maleic anhydride, fumaric acid, itaconic acid, itaconic anhydride, citraconic acid, acrylic acid and meth- 
acrylic acid. The rosin acid is preferably at least one rosin acid selected from the group consisting of the natural rosins, 
the modified rosins, the purified products of the natural rosins and the purified products of the modified rosins. The 
rosin acids comprehend resin acids selected from pimaric acid, sandaracopimaric acid, parastric acid, isopimaric acid, 
abietic acid, dehydroabietic acid, neoabietic acid, dihydropimaric acid, dihydroabietic acid and tetrahydroabietic acid. 
[01 63] Examples of the metallic compounds which react with the rosin acid to form a metallic salt include compounds 
which have such a metallic element as sodium, potassium or magnesium and which can form a salt with the rosin acid. 
Specific examples include chlorides, nitrates, acetates, sulfates, carbonates, oxides and hydroxides of the above met- 



[0164] Other crystalline nucleating agents include high-melting point polymers, metallic salts of aromatic carboxylic 
acids or aliphatic carboxylic acids and inorganic compounds. 

[0165] Examples of the high-melting point polymers include polyvinyl cycloalkanes, such as polyvinyl cyclohexane 

and polyvinyl cyclopentane; poly 3-methyl-1-pentene, poly 3-methyl-1-butene and polyalkenylsilane. 

[0166] Examples of the metallic salts of aromatic carboxylic acids or aliphatic carboxylic acids include aluminum 

benzoate, aluminum p-tert-butyl benzoate, sodium adipate, sodium thiophenecarboxylate and sodium pyrolecarboxy- 

late. 

[0167] The olefin polymer composition (D) can be prepared by a method wherein the components are mixed by a 
Henschel mixer, a V-type blender, a ribbon blender or a Tumbler mixer, or a method wherein the mixture resulting from 
the above mixing is melt-kneaded with a single screw extruder, a twin-screw extruder, a kneader or a Banbury mixer, 
and the kneadate is granulated or pulverized. 

(Process for Producing Molded articles) 

[0168] The olefin block copolymer (A-1 ) and the olefin polymer composition (D) can be produced Into various molded 
articles by calendering, extrusion molding, injection molding, blow molding, press molding or stamping molding. 
[0169] Extrusion molding of the olefin block copolymer (A-1) or the olefin polymer composition (D) can be made by 
use of conventional extrusion equipments under conventional conditions. For example, the molten olefin block copol- 
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ymer (A-1) or the molten olefin polymer composition (D) is extruded from a T-die by, for example, a single screw 
extruder, a kneader, a ram extruder or a gear extruder, and thereby molded into a sheet or a film (unoriented). 
[0170] An oriented film can be obtained by orientating the extruded sheet or film (unoriented) by a method involving, 
for example, centering (length wise-crosswise orientation, crosswise-lengthwise orientation), simultaneous-biaxlally ori- 
5 entating or uniaxlally orientating. The olefin block copolymer (A-1) and the olefin polymer composition (D) can be 
produced into an inflation film. 

[0171] Filament can be prepared by extruding the molten polymer or composition through a spinneret. The filament 
thus prepared may be oriented. The orientation is carried out to such an extent that the molecular orientation can be 
achieved in at least one direction of the filament. The magnification is preferably about 5 to 1 0 times. The filament can 
'0 also be prepared by a melt-blown method. 

[01 72) The olefin block copolymer (A- 1 ) and the olefin polymer composition (D) can be injection-molded into various 
shapes to provide injection molded articles by use of conventional injection molding equipments under conventional 
conditions. 

[0173] The olefin block copolymer (A-1) and the olefin polymer composition (D) can be molded into a blow molded 
15 article by use of conventional blow molding equipments under conventional conditions. 

[01 74] In the injection blow molding, the olefin block copolymer (A-1 ) or the olefin polymer composition (D) is injected 
into a parison mold at resin temperatures of 100 to 300^*0, preferably 100 to 250^C to form a parison and. after the 
parison is stored in another mold of a desired shape, air is blown into the parison to firmly fit the parison into the mold, 
thereby preparing a blow molded article. 
20 [0175] It is desirable that the orientation (blow) ratio is 1 .1 to 1 .8 times in the longitudinal direction and 1 .3 to 2.5 
times in the transverse direction. 

[0176] Stamping mold-forming can be named as an example of stamping molding. For example, the olefin block 
copolymer (A-1 ) orthe olefin polymer composition (D) can be used as a substrate in composite-material integral molding 
by simultaneous press molding of the substrate with a skin material (stamping mold-forming). 

25 

(Uses) 

[0177] The olefin block copolymer (A-1) and the olefin polymer composition (D) can be used for various purposes. 
For example, they have the following applications. 

30 

(Films and sheets) 

[0178] The films and the sheets comprising the olefin block copolymer (A-1 ) or the olefin polymer composition (D) 
are excellent in any of softness, transparency, tackiness, anti-fogging properties, heat resistance and peelabllity. 

35 

(Laminates) 

[0179] Examples of the laminates containing at least one layer comprising the olefin block copolymer (A-1) or the 
olefin polymer composition (D) include agricultural films, wrapping films, shrink films, protective films, such separation 
40 membranes ae plasma component-separation membranes and water-selective pen/aporation membranes, and selec- 
tive separation membranes, such as ion-exchange membranes, battery separators and optical separation membranes. 

(Modifiers) 

45 [0180] The use of the olefin block copolymer (A-1) orthe olefin polymer composition (D) as a modifier for resins can 
produce effects of improving impact resistance, fluidity, coating properties, crystallizability, adhesion and transparency. 
[0181] The use of the olefin block copolymer (A-1) or the olefin polymer composition (D) as a modifier for rubbers 
can produce effects of improving weathering resistance, heat resistance, adhesion and oil resistance. 
[0182] Examples of these rubbers include crosslinked rubbers, such as natural rubber (NR), isoprene rubber (IR), 

50 butadiene rubber (BR), styrene/butadiene rubber (SBR). chloroprene rubber (CR), acrylonitrile/butadiene mbber 
(NBR), butyl rubber (MR), ethylene/propylene rubber (EPM, EPDM), chlorosulfonated polyethylene (CSM). acrylic rub- 
ber (ACM, ANM and the like), epichlorohydrin rubber (CO, ECO and the like), silicone rubber (Q) and fluororubber 
(FKM and the like) ; and thermoplastic rubbers, such as styrene rubbers, olefin rubbers, urethane rubbers, ester rub- 
bers, amide rubbers and vinyl chloride rubbers. 

55 [0183] The olefin block copolymer (A-1 ) and the olefin polymer composition (D) can be used as a modifier for lubri- 
cating oils, such as gasoline engine oil, diesel engine oil, engine oil for ships, gear oil, machinery oil, metal processing 
oil, motor oil, machine oil. spindle oil and insulating oil; and as a viscosity modifier and a freezing-point depressant for 
the above oils. 
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[0184] The use of the olefin block copotymer (A-1 ) or the olefin polymer composition (0) as a modifier for waxes can 
produce effects of improving adhesion, fluidity and strength. Examples of these waxes includes mineral waxes, such 
as montan wax, peat wax, ozokerite-ceresin wax and petroleum wax; synthetic waxes, such as polyethylene, Fischer- 
Tropsch wax. chemically modified hydrocarbon wax and substituted amide wax; vegetable wax and animal wax. 
5 [0185] The use of the olefin block copolymer (A-1 ) or the olefin polymer composition (D) as a modifier for cements 
can produce effects of improving moldabilily and strength. 

[0186] Examples of these cements include air setting cements, such as lime, plaster and magnesia cement; hydraulic 
cements, such as roman cement, natural cement. Portland cement, alumina cement and high sulfate slag cement; and 
specialty cements, such as acidproof cement, refractory cement, water-glass cement and dental cement. 

10 

(Viscosity Modifier and Moldability Improver) 

[0187] The olefin block copolymer (A>1) and the olefin polymer composition (D) can be used as a viscosity modifier 
or a moldability improver for inks and paints, such as letterpress ink, litho printing ink, flexograqphic ink, gravure ink, 
15 oil paint, cellulose-derivative paint, synthetic resin paint, aqueous baking paint, powdered aqueous paint and Japanese 

lacquer. 

(Materials for Building and Civil Engineering) 

20 [0188] The olefin block copolymer (A-1) and the olefin polymer composition (D) can be used for resins and molded 
articles utilized in building and civil engineering, such as flooring materials, floor tiles, floor sheets, sound-insulating 
sheets, heat-insulating panels, vibration insulators, decorative sheets, skirts, asphalt modifiers, gaskets, sealants, roof- 
ing sheets and waterstops. 

25 (Automobile Interior and Exterior Parts and Gasoline Tanks) 

[0189] The automobile interior and exterior parts and the gasoline tanks comprising the olefin block copolymer (A- 
1) or the olefin polymer composition (D) have excellent rigidity, impact resistance, oil resistance and heat resistance. 

30 (Electric and Electronic Parts) 

[0190] The olefin block copolymer (A-1 ) and the olefin polymer composition (D) can be used for electric and electronic 
parts. Examples of such electric and electronic parts include electric insulation materials, apparatuses for handling 
electronic parts, magnetic recording medium, binders in magnetic recording medium, sealants in electric circuit, ma- 

35 terials for home electric appliances, containers, such as microwavable containers, microwavable films, poly electrolyte 
substrates and electroconductlve alloy substrates. Other exemplary electric and electronic parts are such electric and 
electronic parts as represented by connecters, sockets, resistors, coil bobbins in relay case switch , condensers, var- 
iable condenser cases, optical pickups, optical connectors, oscillators, various terminal blocks, transformers, plugs, 
printed wiring boards, tuners, loudspeakers, microphones, headphones, miniature motors, magnetic head bases, pow- 

^ er modules, housings, semiconductors, liquid crystal display parts. FDD carriages, FDD chassisos, HDD parts, motor 
blush holders, parabolic antennas and computer components; such domestic and office electrical-appliance compo- 
nents as represented by VTR components, television components, irons, hair driers, rice cooker components, micro- 
wave oven components, acoustic components, sound apparatus components, such as audio laser discs and compact 
discs, light fitnnent components, refrigerator components, air conditioner components, type writer components and 

45 word processor components; office computer components, telephone components, facsimile components, copying 
machine components, magnetic shielding materials, loudspeaker cone materials and oscillators for loudspeaker. 

(Aqueous Emulsion) 

50 [0191] The aqueous emulsion (aqueous resin dispersion) comprising the olefin block copolymer (A-1) or the olefin 
polymer composition (D) may be used as an adhesive for bonding polyolefins, which has excellent heat-sealing prop- 
erties. 

(Coating Base) 

55 

[0192] The solvent dispersion (oily resin dispersion) comprising the olefin block copolymer (A-1 ) or the olefin polymer 
composition (D) is excellent in dispersion stability in a solvent and exhibits good adhesion in bonding metals or polar 
resins with polyolefins. 
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(Medical and Sanitary Materials) 

[0193] The olefin block copolymer (A-1) and the olefin polymer composition (D) may be used for medical goods and 
materials, such as nonwoven fabrics, nonwoven fabric laminates, electrels, medical tubes, medical containers, infusion 
5 solution bags, prefiil syringes and syringes; artificial organs, artificial muscles, filtration films, food sanitation goods, 
health appliances, retort bags and freshness-keeping packaging films. 

(Miscellaneous Goods) 

10 [01 94] The olefin block copolymer (A- 1 ) and the olefin polymer composition (D) can be used for stationery products, 
such as desk mats, cutting mats, rulers, pen barrels, pen grips, pen caps, grips of scissors and paper cutter, magnet 
sheets, pencil cases, paper dispensers, binders, label seals, tapes and whiteboards; convenience goods for daily use, 
such as clothes, curtains, bed sheets, carpets, doormats, bathmats, buckets, hoses, bags, planters, filters of air con- 
ditioner or exhaust fan, dishes, trays, cups, lunch boxes, funnels for siphon coffee maker, eyeglass frames, containers, 

15 storage cases, clothes hangers, ropes and wash nets; sporting goods, such as shoes, goggles, skis, rackets, balls, 
tents, water glasses, flippers, fishing poles, coolers, leisure sheets and nets for sporting activities; playthings, such as 
blocks and cards; containers, such as kerosene tanks, drums and bottles of detergent or shampoo; and indicators, 
such as advertising displays, pylons and plastic chains. 

20 (Environmentally Degradable Resin) 

[0195] The environmentally degradable resins comprising the olefin block copolymer (A-1 ). and the environmentally 
degradable resin compositions containing the copolymer (A-1) are excellent in practical properties, such as heat re- 
sistance and impact resistance. 

25 [0196] The environmentally degradable resins (resin compositions) can be used for packages for such fresh food 
as fishes, vegetables and eggs offered in supermarkets; packages for such takeout food as cold meal and prepared 
food; beverage cups; packages for noodles (e.g. Chinese noodle); disposable packages for outdoor activities; agricul- 
tural films, such as gardening houses and tunnel houses; fishery items, such as fish nets, fish lines and fish hooks; 
cloth for outdoor activities, such as raincoats and tents; water-retentive materials and films easily degradable in envi- 

30 ronment; and films, sheets and packages imparted with biodegradability. 

(Modifier for Filler) 

[0197] The olefin block copolymer (A-1) and the olefin polymer composition (D) can be suitably used as a dispersion 
35 improver for fillers and as an additive for preparing a filler improved in dispersion properties. 

(Compatibilizer) 

[0198] The olefin block copolymer (A-1) and the olefin polymer composition (D) can be used as a compatibilizer 
40 When the olefin block copolymer (A-1) or the olefin polymer composition (D) is used as a compatibilizer, a polyolefin 
and a thermoplastic resin containing a polar group can be mixed in an arbitrary proportion. Since the olefin block 
copolymer (A-1) comprises a polyolefin segment and a functional segment, components which are normally incom- 
patible with each other can be incorporated and the elongation at break can be significantly improved in comparison 
with the nonuse of the olefin block copolymer. 

45 

(Others) 

[0199] In addition to the above uses, the olefin block copolymer (A-1) and the olefin polymer composition (D) can 
be used for microcapsules; PTP packages, chemical valves and drug delivery system. 

50 [0200] Examples of the olefin block copolymer (A-1 ) include an olefin block copolymer (A-1 1 ) wherein the segment 
PO^ Is a polyolefin segment obtained by polymerizing at least one monomer selected from branched olefins, cycloole- 
f ins, conjugated dienes and non-conjugated polyenes, optionally together with at least one a-olefin selected from linear 
a-olefins of 2 to 20 carbon atoms; an olefin block copolymer (A-1 2) wherein the segment PO^ is a polyolefin segment 
containing long-chain branches, which is obtained by polymerizing at least one olefin selected from olefins of 2 to 20 

55 carbon atoms; an olefin block copolymer (A-13) wherein the segment PO^ has a weight-average molecular weight of 
less than 2000; an olefin block copolymer (A-1 4) wherein the segment has a weight-average molecular weight of 
less than 500; and an olefin block copolymer wherein the linkage g^ is an ether linkage, an ester linkage or an amide 
linkage, and the segment is obtained by chain polymerization. 
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[0201J The olefin block copolymers (A-11) to (A-14) will be described in detail thereinafter. 
Olefin Block Copolymers (A-11) and (A-12) 

[0202] In the olefin block copolymer {A-11), the segment PO^ is a polyolefin segment obtained by polymerization, 
preferably coordination anionic polymerization of at least one monomer selected from branched olefins, cycloolefins. 
conjugated dienes and non-conjugated polyenes, optionally together with at least one a-olefin selected from linear a- 
olefins of 2 to 20 carbon atoms. Specifically, the segment PO^ of the olefin block copolymer (A*1 1 ) is a homopolymer 
or a copolymer of at least one monomer selected from branched olefins, cycloolefins, conjugated dienes and non- 
conjugated polyenes, optionally together with at least one a-olefin selected from linear a-olef ins of 2 to 20 carbon atoms. 
[0203] Examples of the branched olefins, the cycloolefins, the conjugated dienes, the non-conjugated polyenes and 
the linear a-olefins of 2 to 20 carbon atoms are as described above. When the polyolefin segment has stereoregularity, 
the polyolefin may be either an isotactic polyolefin or a syndiotadic polyolefin. 

[0204] When the segment PO^ is obtained from a branched olefin, such as poly 4-methyM -pentene or poly 3-methyU 
1-butene, the olefin block copolymer (A-11) can be of high-melting point and of high performance. 
[0205] When the segment PO^ is a polycycloolefin, a high glass transition temperature can be attained even without 
crystals so that the olefin block copolymer (A-11) has high heat resistance. The combination of ethylene, a cycloolefin 
and other a-olefin makes it possible to control the glass transition temperature, which results in obtaining the olefin 
block copolymer (A-11) having such soft touch at room temperature as a flexible polyvinyl chloride has. 
[0206] When the segment PO"* contains repeating units derived from a conjugated diene or a non -conjugated poly- 
ene, the olefin block copolymer (A-11 ) can be suitably used for such uses as crosslinking and foaming. 
[0207] In the olefin block copolymer (A-1 1 ), the segment PO"" is preferably obtained by polymerizing orcopolymerizing 
at least one olefin selected from branched olefins. Specifically, the segment PO^ is preferably composed of a 4-methyl- 
1 -pentene polymer, such as 4-methyl-1 -pentene homopolymer, or a 3-methyl-1-butene polymer, such as 3-methyl- 
1-butene homopolymer. 

[0208] In the olefin block copolymer {A-1 2), the segment PO^ is a polyolefin segment containing long-chain branches, 
which is obtained by polymerization, preferably coordination anionic polymerization of at least one olefin selected from 
olefins of 2 to 20 carbon atoms. 

[0209] Examples of the olefins having 2 to 20 carbon atoms include the linear a-olefins of 2 to 20 carbon atoms, the 
branched olefins, the cycloolefins, the conjugated dienes and the non-conjugated polyenes described above. 
[0210] Preferably, the segment PO^ of the olefin block copolymer (A-12) is obtained from ethylene and a linear a- 
olefin of 3 to 20 carbon atoms or a branched olefin. 

[0211] The fact that the segment PO^ contains long-chain branches can be confirmed based on the criterion formula 
disclosed in JP-A-7(1995)/500622. 

lio/l2^(Mw/Mn)+4.63 (6) 

wherein I^q denotes a melt Index measured at 190"C under 10kg load; Ij denotes a melt index measured at 
igo^'C under 2.14kg load; and Mw and Mn denote a weight-average molecular weight (Mw) and a number-average 
molecular weight (Mn), respectively, determined according to GPC in a solvent of orthodichlorobenzene at MCC. 
[0212] The segment PO"* contains long-chain branches when it satisfies fomnula (6). 

[0213] Whether or not the segment PO^ satisfies fonnula (6) may be judged based on the polyolefin constituting the 
segment PO^ Otherwise, the linkage g*" of the olefin block copolymer (A-1 2) is cut by use of, for example, light, oxygen, 
acid or alkali to separate components derived from the segment PO^ and components derived from the segment 
Whether formula (6) is satisfied can be judged based on the results of measurement of l^o, I2, Mw and Mn of the 
components derived from the segment PC. 

[0214] When the segment P01 contains long-chain branches, the olefin block copolymer (A-12) is excellent in melt 
tension and exhibits excellent moldabillty in molding of films, sheets and blow molded articles. In the injection molding, 
the surface smoothness can be attained, and molded articles having excellent appearance can be obtained. 
[0215] Referring to the olefin block copolymers (A-11) and (A-12), the segment PC has a weight-average molecular 
weight of preferably 2,000 or more, still preferably from 2,000 to 5,000,000. particularly preferably 2.000 to 1 .000.000. 
even more preferably 10,000 to 800.000. 

[0216] In the olefin block copolymers (A-11) and (A-12), the segment PC preferably has a molecular weight distri- 
bution (Mw/Mn) determined by a gel permeation chromatography of 2.5 or less. 

[0217] In the olefin block copolymers (A-ll) and (A-12), the linkage is an ether linkage, an ester linkage or an 
amide linkage, preferably an ether linkage. 
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[0218] In the olefin block copolymers (A-11) and (A-12), the segment is a functional segment obtained by chain 
polymerization, preferably containing repeating units containing an unsaturated hydrocarbon and/or repeating units 
containing a hetero atom. More preferably, the segment is a functional segment obtained by radical polymerization, 
ring-opening polymerization or ionic polymerization. Particularly preferably, it is a functional segment obtained by radical 

5 polymerization or ring-opening potymerization. 

[0219] The functional segment is obtained by chain-polymerizing at least one chaln-polymerizable monomer For 
example, it can be prepared by radical polymerization of al least one radically polymerizable monomer, ring-opening 
polymerization of at least one cyclic monomer, or ionic polymerization of at least one iontcally polymerizable monomer. 
[0220] Examples of the radically polymerizable monomer used in the radical potymerization include the unsaturated 

10 carboxylic acids, the derivatives thereof, the aromatic vinyl compounds, the vinyl compounds containing residues of 
heterocyclic compound, the hydroxyl group-containing ethylenically unsaturated compounds, the nitrogen-containing 
ethylentcally unsaturated compounds, the epoxy group-containing ethylenically unsaturated compounds, the vinyl ester 
compounds and the vinyl chloride described above. 

[0221] Examples of the cyclic monomer used in the ring-opening polymerization include the lactone, the lactam, the 

IS 2-oxazoline and the cyclic ethers described above. 

[0222] Specific examples of the ionically polymerizable monomer used in the ionic polymerization include anionically 
polymerizable monomers, such as (meth)acrylic esters, acrylonitrile and acrylamide. 
[0223] Of these, preferred are £-caprolactone, £-caprolactam and ethyleneoxide. 

[0224] In the olefin block copolymers (A-11 ) and (A'12). the segment B^ is preferably composed of a styrene polymer. 
20 a vinyl acetate polymer, an acrylic ester polymer, a methacr^lic ester polymer, a vinylformamide polymer, an acrylamide 
polymer, a cyclic ester polymer, a cyclic amide polymer, a cyclic ether polymer, an oxazoline polymer or a fluorine- 
containing polymer. 

[0225] Polymers obtained by radical potymerization or ring-opening potymerization are also preferable. 
[0226] In the olefin block copolymers (A-11) an (A-12), the segment 8"" ideally has a weight-average molecular weight 
25 of usually 500 or more, preferably from 500 to 5.000.000. more preferably 5.000 to 1 ,000.000, even more preferably 
5,000 to 800,000. 

[0227] The segment is ideally contained in the olefin block copolymer (A-11) or (A-12) in an amount of, although 
not particularly limited to, 0.01 to 99.99 % by weight, preferably 1 to 99 % by weight, more preferably 1 to 95 % by 
weight based on the weight of the olefin block copolymer (A-11) or (A-12). 
30 [0228] The olefin block copolymers (A-11) and (A-12) ideally have a melt flow rate (MFR: ASTM D 1238, 230**C. 
2.16kg load) of usually 0.01 to 200 g/IOmin, preferably 0.05 to 100 g/10min, more preferably 0.05 to 80 g/lOmin. 
[0229] Specific examples of the olefin block copolymers (A-11 ) and (A-12) include the following. 

(1 ) A block copolymer in which the segment PC is a copolymer comprising ethylene, a cycloolefin, and optionally 
35 an u-olefin of 3 to 20 carbon atoms (preferably propylene or butene) (ethylene content: 1 to 99 mol%, cycloolefin 

content; 1 to 50 mol%, a-olefin content: 0 to 50 mol%, Mw: 1 0,000 to 1 ,000,000); the linkage g^ is an ether linkage; 
and the segment B'' is a (meth)acrylic ester polymer, such as polymethyl methacrylate (Mw: 500 to 1,000,000) or 
a polymer of aromatic vinyl compound, such as polystyrene (Mw: 500 to 1 ,000,000). 

When the segment PC is an ethylene/propylene/cycloolefin copolymer, the copolymer is excellent in molda- 

40 bility so that wire-coating materials excellent in shape memory properties can be obtained. When the segment Bi 

is polymethyl methacrylate or polystyrene, wire-coating materials obtained are excellent in elongation at break 
because the copolymer has excellent heat resistance and adhesion to Inorganic fillers as well as excellent mold- 
ability. Although the olefin block copolymer can be used as a wire-coating material without incorporation of a filler 
or the like, addition of an inorganic filler, such as magnesium hydroxide, or a crosslinking agent, such as vinyl 

^5 trimethoxysilane, is preferred. 

(2) A block copolymer in which the segment PO^ is an a-olefin/conjugated polyene copolymer or an a-olefin/non- 
conjugated polyene, such as a copolymer of ethylene, an a-olefin of 3 to 20 carbon atoms and a non-conjugated 
polyene (ethylene content/a-olefin content = 95/5 to 55/45 (molar ratio)); the linkage g*" is an ether linkage or an 
amide linkage; and the segment B^ is a polymer obtained from an aromatic vinyl compound or a vinyl compound 

so containing residues of heterocyclic compound, or a copolymer thereof. 

[0230] Such olefin block copolymers are suitable to use as a modifier for rubbers. 
(Production Process) 

55 

[0231] The olefin block copolymers (A-11) and (A-12) can be prepared by, for example, first producing a polyolefin 
which links with a Group 13 element in the temiinat position, then forming in the presence of the polyolefin a polymer- 
ization active species for such chain polymerization as radical polymerization, ring-opening polymerization or Ionic 
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polymerization, and perfomning such a reaction. 

[0232] The polyolefin which links with a Group 13 element in the temilnal position can be prepared by coordination 
polymerization of transition metals. For example, it can be prepared by homopolymerizing or copolymerizing the above 
olefin of 2 to 20 carbon atoms in the presence of a conventional olefin polymerization catalyst. The resulting polyolefin 
can be the segment PO^ of the olefin block copolymer (A-11) or (A-12). 

[0233] The polyolefin constituting the segment PO^ of the olefin block copolymer (A-1 1 ) can be produced as follows. 
[0234] The conventional olefin polymerization catalyst used in producing the polyolefin constituting the segment PO^ 
can be. for example, a TiCl3 catalyst, an MgCl2*supported TiCl4 catalyst, a metallocene catalyst or a post-metallocene 
catalyst. Of these, a metallocene catalyst is preferred. 

[0235] Conventional metallocene catalysts can suitably be used. Examples of the metallocene catalysts include 
metallocene compounds of such a transition metal as titanium, vanadium, chromium, zirconium or hafnium. The met- 
allocene compounds used can be either liquid or solid under use conditions. The metallocene compounds do not need 
to be a single compound, and may be supported on other compound, be a uniform mixture with other compound or be 
a complex compound or a composite compound with other compound. 

[0236] Of the conventional metallocene catalysts, the metallocene compounds having a chiral structure with C2 
symmetry or C1 symmetry are suitably used in preparing the polyolefin. 

[0237] Examples of the preferred metallocene compounds having a chiral structure with C2 symmetry include rac- 
ethylene-bis(indenyl)zirconium dichloride, rac-ethylene-bis(tetrahydroindenyl)zirconium dichloride, rac-dimethylsi- 
lylene-bis(2,3,5-trimethyteyclopentadienyl) zirconium dichloride, rac-dlmethylsilylene-bis[1 -(4-phenylindenyl)]zlrconi- 
um dichlorlde, rac-d{methylsilylene-bisf1-(2-methyl-4-phenylindenyl)l zirconium dichlorlde, rac-dimethylsilylene-bis 
{1-[2-methyl-4-(l-naphthyl) indenyl])zirconium dichlorlde. rac-dimethylsllylene-bis{1-[2*methyl-4-(2-naphthyl) Indenyl]} 
zirconium dichlorlde, rac-dimethylsilylene-bis{1-[2-methyl-4-(1 -anthracenyl) indenyl]}zirconium dichlorlde, rac-dlmeth- 
ylsilylene-bis{1 -[2-methyl-4-(9-anthryl) indenyl)}zirconium dichlorlde. rac-dimethylsilylene-bis{1-[2-methyl-4-(9-phen- 
anthryl) indenyl]}zirconium dichlorlde, rac-dimethylsllylene-bis{1'[2-methyl-4-(o-chlorophenyl) indenyljjzlrconium 
dichlorlde, rac-dimethylsilylene-bis{1-[2-methyl-4-(pentafluorophenyl) indenyl]}zirconium dichloride, rac-dimethylsi- 
lylene-bis|1-(2-ethyl-4-phenylindenyl)] zirconium dichloride. rac-dimethylsilylene-bis{1-[2-ethyl-4-(1-naphthyl) inde- 
nyl])zirconium dichloride, rac-dimethylsilylenG-bis{1-[2-ethyl-4-(9-phenanthryl) lndenyl])zirconium dichloride, rac- 
dimethylsilylene-bis[1-(2-n-propyl-4-phenylindenyl)] zirconium dichloride, rac-dimethylsilylene-bis{1-[2-n-propyl- 
4-(1-naphthyl) indenyl])zirconium dichlorlde and rac-dimethylsllylene-bls{1-[2-n-propyl-4-(9-phenanthryl) indenyl)}zlr- 
conium dichloride. 

[0238] Examples of the preferred metallocene compounds having a chiral structure with C1 symmetry include eth- 
ylene[2-methyl-4-(9*phenanthryl)-l -indenyl] (9-fluorenyl)zlrconium dichloride, elhylene[2-methyl-4-(9-phenanthryl)- 
1 -Indenyl] {2,7-dlmethyl-9-fluorenyl)zirconium dichloride, dlmethylsllylene(9-fluorenyl)(3-tert-butylcyclopentadlenyl) 
zirconium dichloride and dlphenylsilylene(9-fluorenyl)(3-lert-butytoyclopentadienyl)zirconium dichloride. 
[0239] Examples of the conventional metallocene compounds suitably used include metallocene compounds having 
only one substituted cyclopentadienyl group, such as (tert-butylamido)(tetramethyl-ii5-cyclopentadienyl)-1 ,2-ethanedi- 
yl zirconium dichloride, (tert-butylamido)(tetramethyl-T|5-cyclopentadienyl)-1 ,2-ethanediyl titanium dichloride, (methy- 
lamido)(tetramethyl-T|5-cyclopentadienyl)-1,2-ethanediyl zirconium dichloride, (methylamido)(tetramethyl-r|S-cy- 
clopentadlenyl)-1 ,2-ethanedlyl titanium dichloride, (ethylamido) (tetramethyl-T|5-cyclopentadienyl)methylene titanium 
dichloride, (tert-butylamido)dimGthyl(tetramethyl-Ti5-cyclopentadienyl) sllane titanium dichloride, (tert-butylamido) 
dimethyl(tetramethyl-Ti5-cyclopentadienyl) sllane zirconium dibenzyl, (benzylamido)dimethyl(tetramethyl-'n5-cyck)pen- 
tadienyl) sllane titanium dichloride and (phenylphosphido)dimethyl(tetramethyl-Ti5-cyclopentadienyi) silane zirconium 
dibenzyl. 

[0240] Examples of the conventional metallocene compounds suitably used further include metallocene compounds 
having two substituted cyclopentadienyl groups which are not bonded via such a bonding group as a (substituted) 
alkylene or a (substituted) sllylene. 

[0241] Such metallocene compounds include bis(methylcyclopentadienyl)zirconium dichloride, bisCdimethytcy- 
clopentadlenyl)zirconlum dichloride, bis(dlmethylcyclopentadienyl)zirconium ethoxychloride, bis(dlmethylcyclopenta- 
dienyl)zirconium bis (trifluoromethane sulfonate), bis(ethylcyclopentadienyl)zirconlum dichloride, bis(methylethylcy- 
clopentadlenyl)zirconlum dichloride, bls(propytcyclopentadlenyl)zirconium dichloride, bis(methylpropylcyclopentadi- 
Gnyl)zirconium dichloride, bls(butylcyclopentadienyl)zlrconlum dichloride, bls(methylbutyk:yclopentadienyl)zirconium 
dichloride. bis(methylbutylcyclopentadienyl)zirconiumbis(methanesulfonate),bls(trimethylcyclopentadienyl)zirconium 
dichloride, bis(tetramethylcyclopentadienyl)zirconium dichloride, bis(pentamethylcyclopentadienyl)zirconium dichlo- 
ride, bis(hexylcyclopentadienyl)zirconium dichloride and bis(trimethylsilylcyclopentadienyl)zirconlum dichloride. 
[0242] The metallocene compounds may be used either individually, in combination or together with other olefin 
polymerization catalyst, such as a TiCl3 catalyst, an MgCl2-supported T1CI4 catalyst or a post-metal locene catalyst. 
[0243] In production of the polyolefin, the metallocene compound is used in combination with the following organo- 
metallto catalyst component. The metallocene compound is used in combination with the organometalllc catalyst com- 
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pound even when a T1CI3 catalyst, an MgCl2-supported TiCi4 catalyst or a post-metallocene catalyst is used. 
[0244] The post-nr^etallocene catalyst is a transition-metal complex containing a nitrogen atom or an oxygen atom 
in the ligand. Conventional transition-metal complexes are suitably used. Examples of the post-metallocene catalyst 
include the transition-mela! complexes described in the following literature. 

5 

(1) M.Brookhart el al.,J.Am.Chem.Soc.1 995,11 7.641 4-641 5 

(2) M.Brookhart et al.,J.Am.Chem.Soc. 1996, 11 8.267-268 

(3) D.H.McConville et aL.Macromolecules 1996,29,5241-5243 

(4) R.F.Jordan et al..OrganometalIics 1997,16,3282-3302 
10 (5) R.H.Grubbs et al., Organometallics 1998,17,3149-3151 

(6) S.Collins et al.. Organometallics 1999,18,2731-2733 

(7) M.S.Eisen et al., Organometallics 1998,17.3155-3157 

(8) M.S.Eisen et al.,J.Am.Chem.Soc. 1998, 120,8840-8636 

(9) R.F.Jordan et al., J. Am.Chem.Soc. 1997,119.8125-8126 

15 (10) K.Hakala et aL.Macromol. Rapid Commun.1 8,634-638(1 997) 

[0245] The organometallic catalyst component preferably contains an element selected from Group 1 3 of the Periodic 
Table. Examples of the preferred organometallic catalyst component include organoaluminum compounds, organobo- 
ron compounds and alky I complex compounds of a Group 1 element of the Periodic Table and aluminum or boron. 
20 [0246] Examples of the organoaluminum compounds include compounds represented by following fonmula: 

25 wherein R^ denotes a hydrocarbon group of 1 to 12 carbon atoms, X denotes a halogen or hydrogen, and n 

ranges 0 to 3. 

[0247] In the formula, is a hydrocarbon group oil to 12 carbon atoms, such as an alkyi group, a cycloalkyi group 
or an aryl group. Specific examples include methyl, ethyl, n-propyl, isopropyl, isobutyi, pentyl, hexyl, octyl, cyclopentyl, 
cyclohexyl, phenyl and tolyl. 

30 [0248] Examples of the organoaluminum compounds include trialkylaluminums, such as trimethylaluminum, triethy- 
laluminum, triisopropylaluminum, triisobutylaluminum, triocty latum inum and tri 2-ethylhexylaluminum; 
trialkenylaluminums, such as trilsoprenylaluminum; 

dialkylalumlnum halldes. such as dimethylalumlnum chloride^ diethylalumlnum chloride, diisopropylaluminum 
chloride, diisobutylaluminum chloride and dimethylaiuminum bromide; 
35 alkylaluminum sesquihalides, such as methylaluminum sesquichloride, ethylaluminum sesquichloride, isopropy- 

laluminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 

alkylaluminum dihalides, such as methylaluminum dichloride. ethylaluminum dichloride, isopropylaiuminum 
dichloride and ethylaluminum dibromlde; and 

alkylaluminum hydrides, such as diethylalumlnum hydride, diisobutylaluminum hydride and ethylaluminum dihy- 

40 dride. 

[0249] Compounds represented by the following fomnula also may be employed as the organoaluminum compound: 

R%AIY3.„ 

45 

wherein R^ is as described above, 

Y is -ORb, -OSiRCg. -OAlR^g. -NH% -SiR'3 or -N(R9)AIRh2. 
n is 1 or 2, 

R**, R<=, R«^ and R*^ are each methyl, ethyl, isopropyl, Isobutyi, cyclohexyl or phenyl, 
50 Re is hydrogen, methyl, ethyl, isopropyl, phenyl or trimethylsilyl, and 

R' and RQ are each methyl or ethyl. 
[0250] Examples of such organoaluminum compounds include the following compounds. 

(i) Compounds represented by R°nAI(OR^)3.n, such as dimethylaiuminum methoxide, diethylalumlnum ethoxide 
55 and diisobutylaluminum methoxide. 

(ii) Compounds represented by RanAI(OSiRc)3.n. such as Et2AI(OSiMe3), (lso-Bu)2AI(OSIMe3) and (lso-Bu)2AI 
(OSIEta). 

(iii) Compounds represented by Ra^l(OAIR<'2)3.n. such as EtgAIOAIEtg and (iso-Bu)2AIOAI(iso-Bu)2. 
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(iv) Compounds represented by R®nAI(NRe2)3.n- s"ch as Me2AINEt2, EtgAINHMe, MegAINHEt, EtaAINCMGgSOa 
and (iso-Bu)2AIN(Me3Si)2. 

(V) Compounds represented by R^nAKSiR'3)3,n, such as (iso-Bu)2AISiMe3. 

(vl) Compounds represented by Ra„AI[N(R9)-AIR^'2l3-n« such as Et2AIN(Me)-AIEt2(iso-Bu)2 and AIN(Et)AI(iso-Bu)2. 

[0251] Examples further include compounds analogous to the above compounds, such as organoaluminum com- 
pounds in which at least two aluminums are bonded via an oxygen atom or a nitrogen atom. Specific examples thereof 
include (C2H5)2AIOAI(C2H5)2, {C4H9)2AIOAI(C4H9)2 and (C2H5)2AIN(C2H5)AI(C2H5)2. 

[0252] Examples further include aluminoxanes, such as methylaiuminoxane. ethylaluminoxane. propylaluminoxane 
10 and butylaluminoxane. 

[0253] Organoaluminum compounds represented by the following fomiula are also employable: 

R^AIXY 

15 

wherein R^, X and Y are as mentioned above. 
[0254] Examples of the organoboron compounds Include triphenylboron. tris(4-fluorophenyl)boron, tris(3,5-difluor- 
ophenyi)boron, tris(4-fluoromethylphenyl)boron. tris(pentafluorophenyl)boron. tris(p-tolyl)boron, tris(o-tolyl)boron, tris 
(3,5-dimethylphenyl)boron. thexylborane, dfcyclohexylborane, dicyamylborane. diisopinocamphenylborane. 9*borabi- 
20 cyclofS.S.Ilnonane, dimethylborane, dlchloroborane, catecholborane, B-bromo-9-borabicyclot3,3,11nonane, borane- 
triethylamine complex and borane-methylsulfide complex. 

[0255] Ionic boron compounds may be used as the organoboron compound. Examples of such compounds include 
triethylammonium tetra(phenyl)boron, tripropylammonium tetra(phenyl)boron, trimethylammonium tetra(p-tolyl)boron, 
trimethylammonium tetra (o-totyl)boron, tri (n-butyl) ammonium tetra(pentafluorophenyl)boron, tripropylammonium tet- 
25 ra(o,p-dimethylphenyl)boron, tri(n-butyl)ammonium tetra(p-trlfluoromethylphenyl)boron, N,N-dimethylanilinium tetra 
(phenyl)boron, dicyclohexylammonium tetra (phenyl) boron, triphenylcarbenium tetrakis(pentafluorophenyl)borate, N, 
N-dimethylanilinium tetrakis(pentaf{uorophenyl)borate. bis[trl(n-butyl)ammonium]nonaborate and bis[tri(n-butyl)am- 
monium]decaborate. 

[0256] Examples of the alkyi complex compound of a Group 1 element of the Periodic Table and aluminum include 
^ compounds represented by the following fomiula; 

mVir*4 

35 wherein M'' denotes Li, Na or K, and RJ denotes a hydrocarbon group of 1 to 15 carbon atoms. 

[0257] Specific examples thereof include LiAI(C2H5)4 and LIAI(C7H^5)4. 

[0258] Examples of the organoboron compound and those of the alkyI complex compound of a Group 1 element of 
the Periodic.Table and boron include con-esponding compounds to the organoaluminum compounds and to the alkyI 
complex compounds of a Group 1 element of the Periodic Table and aluminum wherein the aluminum is substituted 

^ with boron, respectively. 

[0259] These organometalllc catalyst components can be used either individually or in combination. 
[0260] With respect to the organometalllc catalyst component, a compound having a bond of hydrogen and a Group 
13 element is preferably used in combination with a trialkylaluminum, an alumlnoxane or an ionic boron compound. 
The compound having a bond of hydrogen and a Group 13 element preferably has a bond of hydrogen and boron. 

45 Preferably, these compounds are used in the polymerization after having been mixed with each other, ora trialkylalu- 
minum, an aluminoxane or an Ionic boron compound Is first Individually used to initiate the polymerization and the 
compound having a bond of hydrogen and a Group 13 element is added into the polymerization system. 
[0261 ] Examples of the compound having a bond of hydrogen and a Group 1 3 element include such organoaluminum 
compounds as diethylaluminum hydride, diisobutylaluminum hydride and ethylalumlnum dthydride; and such orga- 

50 noboron compounds as 9-borabicyclo[3,3,1]nonane, dimethylborane, dichloroborane and catecholborane. 

[0262] The olefin polymerization catalyst may bepre-polymerized. There is no limitation on the process for conducting 
the pre-potymerization. For example, the pre-polymerization is preferably carried out in the presence of an inert solvent 
and under relatively mild conditions by adding an olefin and the catalyst components to the inert solvent. The pre- 
polymerlzation may be canied out under either conditions such that the resulting pre-polymer is dissolved In the polymer 

55 medium or conditions such that it is not dissolved therein. Preferably, the pre-polymerization is carried out under con- 
ditions such that the resulting pre-polymer is not dissolved In the polymer medium. 

[0263] Examples of olefins used in the pre-polymerization Include a-olefins of 2 or more carbon atoms. Specific 
examples Include ethylene, propylene, 1-butene, 1-pentene« 1-hexene. 3-methyl-1-butene, 3-methyl-1-pentene, 
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3-ethyl-1-pentene, 4-methyl-1-pentene, 4,4-dimethyl-1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4-ethyl- 
1-hexene, 3-ethyl-1-hexene, 1-octene, l-decene, 1-dodecene. 1 -tetradecene, 1 -hexadecene, 1 -octadecene and 1-ei- 
cosene. They may be used in combination. The a-oletin used In the pre-polymerization may be the same as or different 
from that used in the olefin polymerization mentioned later. Preferably, the a-olefin is the same as that used in the 
5 olefin polymerization. 

[0264] Examples of the inert solvent include aliphatic hydrocarbons, such as propane, butane, pentane, hexane, 
heptane, octane, decane, dodecane and kerosine; alicycllc hydrocarbons, such as cyclopentane, cyclohexane and 
methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; and halogenated hydrocarbons, 
such as ethylene chloride and chlorobenzene. They may be used in combination. 
w [0265] Of the above inert solvents, the aliphatic hydrocarbons are particularly suitable to use. The pre-polymerization 
may be carried out in a state where the a-olefin is liquid, or under gas-phase conditions. The pre-polymerization may 
be carried out batchwise, semi-continuously or continuously. The pre-polymerization preferably uses a catalyst having 
a higher concentration than that of the catalyst used in the polymerization in the system. 

[0266] The polyolefin constituting the segment PQi of the olefin block copolymer (A-1 1 ) may be obtained by homopo- 

15 lymerizing orcopolymerlzing the olefin having 2 to 20 cariDon atoms in the presence of the olefin polymerization catalyst 
(such a polymerization will be sometimes referred to as simply "olefin polymerization" hereinafter). 
[0267] Olefin polymerization may be carried out by a liquid-phase polymerization process, such as solution polym- 
erization and suspension polymerization, or a gas-phase polymerization process. The reaction solvent used In the 
suspension polymerization may be the Inert solvent or an olefin which Is liquid at the reaction temperature. The reaction 

20 temperature is usually -SO^C to 200''C, preferably CO to 150°C. The polymerization pressure is usually 0.1 to 100 
atm. preferably 1 to 60 atm. The olefin polymerization may be carries out batchwise, semi-continuously or continuously. 
Where the polymerization is performed over 2 or more steps, the reaction conditions may be the same or different. 
[0268] The olefin polymerization produces a polyolefin having a weight-average molecular weight of 2000 or more. 
It is preferable in the olefin polymerization that no molecular hydrogen, which is a conventional molecular weight mod* 

25 ifier be allowed Its presence in the polymerization system. The molecular weight is preferably adjusted by controlling 
at least one of the concentration of the organometallic catalyst components, the polymerization temperature and the 
concentration of the olefin (polymerization pressure). Specifically, the molecular weight can be adjusted as follows. 
For example, in the suspension polymerization wherein the molecular hydrogen is substantially absent, the molecular 
weight of the resulting polyolefin may be lowered by increasing the concentration of the organometallic catalyst com- 

3o ponents. Otherwise, in the suspension polymerization wherein the molecular hydrogen is substantially absent, the 
molecular weight of the resulting polyolefin can be lowered by raising the polymerization temperature. 
[0269] The polyolefin thus obtained links with a Group 13 element in the terminal position of one side or has an 
unsaturated bond in the terminal position of one side. 

[0270] Whether the polyolefin links with a Group 1 3 element in the terminal position of one side or has an unsaturated 
35 bond in the terminal position of one side depends upon the type and/or the quantity of the organometallic catalyst 
components, used and the polymerization conditions, such as polymerization temperature. 

[0271] Where the polyolefin has an unsaturated bond In the tenninal position of one side, the polyolefin Is reacted 
with a compound containing a Group 13 element to convert it to the end which links with a Group 13 element. In the 
case where the resulting polyolefin is a mixture of a polyolefin which links with a Group 13 element in the terminal 
40 position of one side and a polyolefin which has an unsaturated bond in the terminal position of one side, the end of the 
polyolefin which has an unsaturated bond in the terminal position of one side is according to necessity converted to 
an end which links with a Group 13 element. 

[0272] The compound containing a Group 1 3 element, which is used in the reaction, Is selected from the compounds 
exemplified with respect to the organic compound catalyst component. Of these, preferable for use are the compounds 
^5 exemplified as the organoaluminum compound or the organoboron compound. More preferably, the compound is tri- 
alkylaluminum, dialkylaluminumhydride or a boron compound having at least one hydrogen-boron bond. The boron 
compound having at least one hydrogen-boron bond is particularly preferred. The most preferred compounds include 
9-borablcyclor3,3,11nonane, which may be a monomer or a dimer. 

[0273] For example, the reaction of the polyolefin which has an unsaturated bond In the terminal position of one side 
50 with the compound containing a Group 13 element Is canied out as follows. 

(1) Polypropylene, 0.1 to 50 g, which has a vinylidene group in the terminal position is mixed with 5 to 1000 ml of 
an octane solution containing 0.01 to 5 mol/LTR of dilsobutylalumlnumhydride. Then the mixture Is refluxed for 0.5 
to 6 hours. 

55 (2) Polypropylene, 0.1 to 50 g, which has a vinylidene group in the terminal position is mixed with 5 to 1000 ml of 

tetrahydrofuran anhydride and with 0.1 to 50 ml of a tetrahydrofuran solution containing 0.05 to 10 mol/LTR of 
9-borabicyclo[3,3,1]nonane. Then the mixture is stirred at 20 to eS^C for 0.5 to 24 hours. 
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[0274] The polyolefin constituting the segment PO^ of the olefin block copolymer (A-11) is produced as described 
above. The polyolefin obtained links with a Group 1 3 element In the terminal position of one side. The Group 1 3 element 
is preferably boron. 

[0275] For example, the polyolefin containing long-chain branches, which constitutes the polyolefin segment PO^ of 
5 the olefin block copolymer (A-1 2), is produced as follows. 

[0276] The polyolefin containing long-chain branches may be produced by copolymerizing ethylene and an a-olefin 
of 3 to 20 carbon atoms in such a way that the resulting copolymer may have a density of 0.86 to 0.95 g/cm^ in the 
presence of a catalyst comprising; 

(i) a catalyst component obtained as a result of the reaction between (i-1) a bidentate compound wherein two 
groups selected from anionized indenyl groups and derivatives thereof are bonded to each other via a lower 
alkylene group and (i-2) a halide of Group 4 transition metal of the Periodic Table, 

(ii) an organoaluminum oxy-compound. 
(ill) an organoaluminum compound and 

IS (Iv) a carrier. 

[0277] The bidentate compound which is used in synthesis of the catalyst component (i), wherein two groups 
selected from anionized indenyl groups and derivatives thereof are bonded to each other via a lower alkylene group 
is represented by the formula 
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wherein R^^ and R^^ which may be the same or different, are each an indenyl anion, a substituted indenyl anion or a 
25 partlally-hydrogenated anion thereof, Ri* is a lower alkylene group and M is an alkali metal cation. 

[0278] Specific examples include ethylenebisindenyldilithium, ethylenebisindenyldisodium. ethylenebis(4.5,67>tet- 
rahydro-1 -indenyl)dilithlum, ethylenebis(4-methyl-1-indenyl)dilithium, ethylenebis(5-methyl-1-indenyl)diiithium. ethyl- 
enebis(6-methyl-1 -indenyl)dllithium and ethylenebis(7-methyl-1 -indenyl)dillthium. 

[0279] Specific examples of the halide (i-2) of Group 4 transition metal of the Periodic Table include zirconium tet- 

30 rachloride, hafnium tetrachloride, titanium tetrachloride and titanium tetrabromide. 

[0280] The catalyst component (i), which is used in production of the segment PO^ of the olefin block copolymer (A- 
12), can be obtained by bringing the bidentate compound (i-l) into contact with the transltlon-metal halide (1-2) by 
mixing in an organic solvent, such as ether, tetrahydrofuran, benzene, toluene or methylene dichloride. The bidentate 
compound (i-1) and the transition-metal halide (i-2) are mixed in a molar ratio (MR^^-R^^-R^SM/transition metal) of 0.5 

35 to 2, preferably 0.75 to 1 .25. The concentration of the transition-metal halide (i-2) ranges in terms of transition metal 
usually from 0.03 to 0.5 mol/LTR, preferably from 0.05 to 0.3 mol/LTR. 

[0281] A conventional and known aluminoxane is preferable as the organoaluminum oxy-compound (ii). 
[0282] The conventional and known aluminoxane may be prepared by the following processes. 

40 (1) A process comprising adding such an organoaluminum compound as trialkylaluminum to a hydrocarbon me- 

dium suspension of a compound containing absorbed water or a salt containing water of crystallization, such as 
magnesium chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nfckel sulfate hydrate or cerous 
chloride hydrate, and reacting them to recover the aluminoxane as a hydrocarbon solution. 

(2) A process comprising allowing water, Ice or water vapor to directly act on such an organoaluminum compound 
45 as trialkylaluminum in a medium, such as benzene, toluene, ethyl ether or tetrahydrofuran, to recover the alumi- 
noxane as a hydrocarbon solution. 

(3) A process comprising allowing an organotin oxide, such as dimethyltin oxide or dibutyltin oxide, to react with 
such an organoaluminum compound as trialkylaluminum in a medium, such as decane, benzene or toluene. 

so [0283] The aluminoxane may contain a small amount of an organometallic component. The solvent or the unreacted 
organoaluminum compound is removed from the recovered solution of aluminoxane by distillation and the remainder 
may be redissolved in a solvent. 

[0284] Examples of the organoaluminum compound, whch is used in preparing a solution of aluminoxane, Include 
the same ones as previously exemplified with respect to the organometallic catalyst component (with the proviso that 
55 the aluminoxanes are excluded). 

[0285] Also employable as the organoaluminum compound is isoprenylalumlnum represented by formula (i-C4H9)^- 

ly(C5H 10)2 wherein x, y, z are each independently a positive number, and z>2x. 

[0288] The organoaluminum compounds may be used either individually or in combination. 
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[0287] Examples of the solvent used in preparing the solution of aluminoxane include hydrocarbon solvents, such 
as aromatic hydrocarbons, e.g.. benzene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, e.g., pentane, 
hexane, heptane, octane, decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons, e.g.. cyclopentane, 
cyclohexane, cyclooctane and methylcyclopentane; petroleum fractions, e.g., gasoline, kerosine and gas oil; and hal- 
s Ides of these aromatic, aliphatic and alicyclic hydrocarbons, e.g., chlorides or bromides thereof. 

[0288] Also employable are ethers, such as ethyl ether and lelrahydrofuran. Of the solvents, aromatic hydrocarbons 
are particularly preferable. 

[0289] Examples of the organoaluminum compound (ill) include the organoaluminum compounds previously exem- 
plified as the organometallic catalyst component (with the proviso that the aluminoxanes are excluded). 

10 [0290] Examples of the preferable organoaluminum compound include compounds represented by R^qAI, R^^l 
(OR*»)3.„ or Ra^l(OAIRd2)3.„. Particularly, those of the above formulae wherein Ra is an isoalkyl group and n Is 2 are 
preferred. These organoaluminum compounds may be used either individually or in combination. 
[0291] The canrier (iv) is an inorganic or organic solid compound of granular or finely divided particle state, which 
has a particle diameter of 10 to 300|j.m, preferably 20 to 200nm. 

IS [0292] A porous oxide is preferred as the inorganic carrier. Examples of the porous oxide include SiOg, AI2O3, MgO, 
ZrOg, TiOg. B2O3. CaO. ZnO, BaO, Th02. mixtures thereof and mixtures containing them, such as Si02-MgO. Si02- 
AI2O3, Si02-Ti02, SiOa-VaOg, Si02-Cr203 and SiOg-TIOa-MgO. It is preferable that the carrier contain at least one of 
Si02 and AI2O3 as a major component. 

[0293] The inorganic oxide may contain a small amount of a carbonate component, a sulfate component, a nitrate 
20 component or an oxide component, such as NagCOa, KgCOa, CaCOs, MgCOs. Na2S04, Al2(S04)3. BaSO^. KNO3, 

Mg(N03)2. AI(N03)3. NagO, KgO or LigO. 

[0294] Although the carrier (iv) is variable in properties depending on the type and the process for production thereof, 
the earner is desired to have a specific surface area of 50 to 1000 m^/g, preferably 1 00 to 700 m2/g and a pore volume 
of 0.3 to 2.5 cm^/g. The carrier (iv) is according to necessity calcined at 150 to 1000°C, preferably at 200 to 800'C. 

25 [0295] Examples of the carrier additionally include organic compounds, which are a solid of granular or finely divided 
particle state, having a particle diameter of 1 0 to 300nm. Examples of such organic compounds include (co)polymers 
containing, as a main component, an a-olefin of 2 to 14 carbon atoms, such as ethylene, propylene, 1-butene or 
4-methyl-1 -pentane, and (co)polymers containing, as a main component, vinylcyclohexane or styrene. 
[0296] In the present invention, the catalyst obtained by pre-polymerizing an olefin with the catalyst components (i), 

30 (ii), (iii) and (iv) is preferably used in preparation of the segment PO^ containing long-chain branches. 

[0297] Prior to the pre-polymerizatlon. the catalyst component (I), the catalyst components (i) and (ii) or the catalyst 
components (I), (ii) and (iii) may be supported on the catalyst component (iv), i.e. the carrier. Otherwise, the catalyst 
components may be subjected to the pre-polymerizatlon after they are arbitrarily mixed and brought into contact with 
each other. In this case, when a transition-metal compound (vi) containing ligands which have a cycloalkadienyl skel- 

35 eton and are not bonded to each other is used in combination with the catalyst component (i), a spherical olefin copol- 
ymer excellent in particle shape can be obtained. 

[0298] Examples of the transition -metal compound (vi). which is used according to necessity, containing ligands 
which have a cycloalkadienyl skeleton and are not bonded to each other include bis(cyclopentadlenyl)zirconium dichlo- 
ride, bis(methylcyclopentadienyl)zirconium dichloride, bis(dimethylcyclopentadienyl)zirconium dichloride, bis(ethylcy- 
40 clopentadienyl)2irconium dichloride, bis(n-butylcyclopenladienyl)zirconium dichloride and bis(indenyl)2irconium 
dichloride. 

[0299] The catalyst component (i) and the transition-metal compound (vi) are used in such a proportion that the 
component (vi) is used in an amount of 0 to 50 % by mol, preferably 5 to 40 % by mol. more preferably 10 to 30 % by 
mol based on the total amount 100 % by mol of the component (i) and the component (vi). 
45 [0300] In carrying out the pre-polymerization. an olefin polymer is pre-polymerized in an amount of 0.05 to 100 g. 
preferably 0.1 to 50 g, more preferably 0.2 to 30 9 based on 1 g of the earner (iv). 

[0301] Examples of the olefin include a-olefins having 2 to 20 cartoon atoms^ such as ethylene, propylene, 1 -butene, 
1 .pentene, 4-methyl-1 -pentene, 1 -hexene, 1 -octene, 1 -decene, 1 -dodecene and 1 -tetradecene. Of these, ethylene is 
preferred. 

50 [0302] The pre-polymerization is carried out without a solvent or In an Inert hydrocarbon medium. 

[0303] In carrying out the pre-potymerization, the organoaluminum compound (iii) is used in an amount of 0.2 to 20 
mmol, preferably 0.5 to 10 mmol, and the organoaluminum oxy-compound (ii) Is used in terms of aluminum atom in 
an amount of 1 to 50 mg, preferably 2 to 20 mg, and the catalyst component (i) is used in terms of transition metal 
atom in an amount of 0.02 to 2 mg, preferably 0.06 to 1 mg, all based on 1 g of the cannier (iv). 

55 [0304] The molar ratio (AI(iii)/AI(ii)] of the aluminum atom (Al) in the organoaluminum compound (Hi) to the aluminum 
atom (Al) in the organoaluminum oxy-compound (Ii) is usually 0.02 to 3, preferably 0.05 to 1 .5. The molar ratio [Al(ii)/ 
M] of the aluminum atom (Al) in the organoaluminum oxy-compound (ii) to the transition metal atom (M) in the catalyst 
component (i) is usually 5 to 250, preferably 10 to 150. The concentration of the catalyst component (i) in carrying out 
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the polymerization In the inert hydrocarbon medium is. in terms of transition metal atom, 0.1 to 10 mg/LTR, preferably 
0.5 to 5 nng/LTR. 

[0305] The pre-polymerization temperature is -20 to 70**C, preferably -10 to ecc, more preferably 0 to 50*C. The 
pre-polymerization may be carried out batchwise or continuously and under pressure, reduced pressure or normal 
s pressure. Although the pre-polymerlzation may be earned out in the presence of a molecular-weight modifier, such as 
hydrogen, ihe amount thereof is desirably reduced so that a pre-polymer at least having an intrinsic viscosity (t|] meas- 
ured at 135*C in decalin of not less than 0.2 dl/g, preferably 0.5 to 10 dl/g may be obtained. 

[0306] In the pre-polymer catalyst thus obtained, the catalyst component (i) is supported in an amount in terms of 
transition metal atom of 0.1 to 50 mg, preferably 0.3 to 30 mg, more preferably 0.5 to 20 mg based on 1 g of the carrier 
10 (iv). The molar ratio (Al/M) of the aluminum atom (Al) in the catalyst components (il) and (iii) to the transition metal 
atom (M) in the catalyst component (i) is usually 5 to 200, preferably 10 to 150, more preferably 15 to 100. 
[0307] The segment PC containing long-chain branches may be prepared by homopolymorizing or copolymerizing 
the olefin of 2 to 20 carbon atoms in the presence of the above catalyst. 

[0308] In the present invention, it is preferable that the segment PC be produced by copolymerizing ethylene with 
IS at least one olefin selected from a-olefins of 3 to 20 carbon atoms, such as propylene, 1 -butene, 1 -pentene, 1 -hexene, 
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1 -hexadecene, 1-octadecene and 1-eicosene. 
[0309] Polymerization of olefin is perfonned usually in a gas phase or a liquid phase, for example, in a slurry. The 
solvent used in the slurry polymerization may be an inert hydrocarbon or the olefin per se. 

[0310] Examples of the hydrocarbon medium include aliphatic hydrocarbons, such as butane, isobutane, pentane, 
20 hexane, octane, decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons, such as cyclopentane, meth- 
ylcyclopentane, cyclohexane and cyclooctane; aromatic hydrocarbons, such as benzene, toluene and xylene; and 
petroleum fractions, such as gasoline, kerosine and gas oil. Of the hydrocarbon media, aliphatic hydrocarbons, alicyclic 
hydrocarbons and petroleum fractions are preferred. 

[0311] The polymerization temperature in carrying out the slurry polymerization is usually -50 to 100*^0 , preferably 
25 0 to 90«C. The polymerization temperature in the gas-phase polymerization is usually 0 to 120°C, preferably 20 to 
lOO^C. 

[0312] In carrying out the slurry polymerization or the gas-phase polymerization, the catalyst component (i) is desir- 
ably used in an amount so as to have a concentration of the transition metal atom in the polymerization reaction system 
of 10-6 to 10-2 g/LTR. preferably 10-7 to 10*3 g/LTR. 
30 [0313] An aluminum oxy-compound and an aluminum compound similar to the catalyst components (II) and (iii), 
respectively, may additionally be added in carrying out the polymerization. In such a case, the atomic ratio (Al/M) of 
the aluminum compound to the transition metal atom (M) is in the range of 5 to 300, preferably 1 0 to 200, more preferably 
15 to 150. 

[0314] The polymerization pressure is usually normal pressures to 100 kg/cm2, preferably 2 to 50 kg/cm^. The po- 

35 lymerization may be carried out batchwise, semi-continuously or continuously. 

[031 5] It is also possible to conduct the polymerization over 2 or more stages under different reaction conditions. 
[0316] The polyolefin containing long-chain branches thus produced may be imparted with a Group 13 element in 
the temninal position of its segment PO^ by the same process as carried out for the polyolefin constituting the segment 
PC of the olefin block copolymer (A-12). 

40 [0317] Next, a polymerization active species for such chain polymerization as radical polymerization, ring-opening 
polymerization or ionic polymerization is formed in the presence of the polyolefin which links with a Group 1 3 element 
in the terminal position of one side, and such a reaction is made to produce the olefin block copolymer. The reaction 
forms the linkage g^ between the Group 13 element linked In the temiinal position and the segment POi. The polymer 
produced by radical polymerization or ring-opening polymerization constitutes the functional segment (segment B^). 

45 The linkage g^ occasionally contains a part of the structure fomned as a result of the chain polymerization, such as 
radical polymerization, ring-opening polymerization or ionic polymerization. 
[0318] For example, the polymerization is carried out as follows. 

(1) When the Group 13 element linked with one end of the polyolefin Is boron, the carbon-boron bond is oxidized 
50 with molecular oxygen In the presence of a radically potymerizable monomer to generate radicals, thereby con- 

ducting the radical polymerization. 

Specifically, the polyolefin which links with boron in the temiinal position of one side is oxidized with molecular 
oxygen in the presence of a radically polymerizable monomer. Through such oxidation, the boron present In the 
terminal position is converted to peroxyborane (-0-0-B). The peroxyborane generates radicals on agitation in the 
55 presence of a radically polymerizable monomer because the O-O bond is cleaved by the agitation. The alkoxy 

radicals (-0*) thus generated work as an initiator, and thereby the radical polymerization of a radically polymerizable 
monomer proceeds. 

Examples of the radically polymerizable monomer include methyl methacrylate (MMA), ethyl methacrylate 
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(EMA). butyl methacrylale, vinyl acrylale (VA), butyl acrylate (BA), styrene, acrylonitrile and vinylacetate. These 
radically polynnerizable monomers may be used either individually or in combination. 

The radical polymerization may be temiinated when the polymer is precipitated in methanol. Through the 
above process, the olefin block copolymer (A-11) or (A-12) In which the linkage is an ether linkage or an ester 
5 linkage and the segment is a radical polymer can be produced. 

(2) When the Group 13 element linked with one end of the polyolefin is aluminum, the carbon-aluminum bond is 
oxidized with molecular oxygen to generate a polymerization active species, thereby conducting the ring-opening 
polymerization. 

Specifically, the carbon-aluminum bond is oxidized with molecular oxygen, and thereby the aluminum present 
10 In the temilnal position of the segment PO^ is converted to aluminum oxide (-0-AI). By use of the aluminum oxide 

thus obtained as a polymerization active species, a ring opening-polymerizable monomer is polymerized by ring- 
opening polymerization. 

The ring-opening polymerization is carried out usually at 0 to 100**C for 30 minutes to 12 hours, preferably 1 
to 6 hours. The ring-opening polymerization may be terminated by precipitating the polymer in methanol. Through 
15 the above process, the olefin block copolymer (A-11) or (A-12) In whch the linkage g^ is an ether linkage or an 

ester linkage and the segment B^ is a ring opening polymer can be produced. 

(3) After the Group 13 element linked with one end of the polyolefin has been converted to a hydroxyl group, an 
amino group, an aldehyde group or a halogen, an active species for ring-opening polymerization is formed, thereby 
conducting the ring-opening polymerization. 

20 

[0319] The active species for ring-opening polymerization can be formed, for example, by adding a sodium hydroxide 
solution and a hydrogen peroxide solution to the polyolefin which links with boron In the terminal position of one side, 
allowing them to react with each other at 40 to 50°C for 3 to 5 hours to convert the boron to a hydroxyl group, and 
reacting the hydroxyl group with butyl lithium and then with diethylaluminumchloride to convert the hydroxyl group to 
25 aluminum oxide. 

[0320] By use of the aluminum oxide obtained from the above process as a polymerization active species, the ring- 
opening polymerizable monomer Is polymerized by ring-opening polymerization. The ring-opening polymerization is 
carried out In the same manner as in the above (2). In place of the aluminum oxide, other metal alkoxide, metallic 
hallde or metal amine may be linked with one end of the polyolefin to form a polymerization active species for ring- 

30 opening polymerization. Polymerization active species other than the aluminum oxide are fomied by use of a hydroxyl 
group, an amino group, an aldehyde group or a halogen linking with one end of the polyolefin. Of these, the aluminum 
oxide is preferable to use as a polymerization active species. Through the above process, the olefin block copolymer 
(A-11) or (A-12) in which the linkage g'' Is an ether linkage, an ester linkage or an amide linkage and the segment B^ 
Is a ring opening polymer can be produced. 

35 [0321] The olefin block copolymer (A-11 ) or (A-12) in which the linkage g^ is an ether linkage, an ester linkage or an 
amide linkage and the segment is an ionic polymer can be obtained by ionic polymerization, such as anionic po- 
lymerization wherein the polyolefin having a hydroxyl group in the tennlnal position is converted to a polyolefin having, 
for example, lithium, potassium, sodium or a phosphorus-containing group In the terminal position, and thereafter an 
anionically polymerizable monomer is polymerized. Examples of the process for producing the olefin block copolymer 

40 (A-11 ) or (A-12) in which the "R" is a segment obtained by anionically polymerizing a (meth)acrylic ester by use of the 
polyolefin having lithium in the terminal position, include the same process as the process for producing the olefin block 
copolymer (A-8) mentroned later. 

[0322] The olefin block copolymers (A-11) and (A-12) may be compounded with thermoplastic resins, fillers, nucle- 
ating agents and additives used for polymers at an arbitrary proportion, and may be subjected to post-modlflcatlon, 

45 such as crossllnking and foaming. 

[0323] In addition to the thennoplastic resins, the olefin block copolymers (A-11 ) and (A-12) may contain additives, 
such as a crosslinking agent, a filler, a crosslinking accelerator, a crossllnking assistant, a softener, a tacklf ier. an anti- 
aging agent, a foaming agent, a processing assistant, an adhesion Improver, an inorganic filler, an organic filler, a 
crystalline nucleating agent, a heat stabilizer, a weathering stabilizer, an antistatic agent, a colorant, a lubricant, a flame 

so retardant and a blooming inhibitor. 

(Process for Producing Molded Articles) 

[0324] The olefin block copolymers (A-11) and (A-12) can be produced into various molded articles, just as with the 
55 olefin block copolymer (A-1), by calendering, extrusion molding, injection molding, blow molding, press molding or 
stamping molding. 
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(Uses) 

[0325] The olefin block copolymers (A-11) and (A-12) can be used for many purposes. For example, as is the case 
with the olefin block copolymer (A-1), they can be used for films and sheets, laminates^ modifiers, viscosity modifiers, 
5 moldability improvers, construction and civil engineering materials, automobile Interior and exterior parts, gasoline 
tanks, electric and electronic parts, aqueous emulsion, coating bases, medical and sanitary products, miscellaneous 
products, environmentally degradable resins, modifiers for filler, compatibilizer. microcapsules, PTP packages, chem- 
ical valves and drug delivery system. 

^0 Olefin Block Copolymer (A-13) 

[0326] Next, the olefin block copolymer (A-13) will be described. 

[0327] The segment PO^ of the olefin block copolymer (A-13) is a polyolefin segment comprising repeating units 
derived from an olefin of 2 to 20 carbon atoms. Specifically, the segment PO*^ is a homopolymer or a copolymer of an 
'5 olefin selected from olefins having 2 to 20 carbon atoms. When the polyolefin segment has stereoregularity, the poly- 
olefin may be an isotactic polyolefin or a syndiotactic polyolefin. 

[0328] Examples of the olefins having 2 to 20 carbon atoms include the linear or branched a-olefins, the cycloolefins. 
the aromatic vinyl compounds, the conjugated dienes and the non-conjugated polyenes noted above. 
[0329] The segment PO^ of the olefin block copolymer (A-13) has a weight-average molecular weight of preferably 
20 less than 2000, more preferably from 500 to 1 800. 

[0330] The segment PO"* ideally has a molecular weight distribution (Mw/Mn) determined by the gel penneation 
chromatography of 2.5 or less, preferably 2.3 or less. 

[0331] The glass transition temperature (Tg) of the segment PO^ as determined with the differential scanning cal- 
orimeter (DSC), is ideally in the range of usually 150**C or below, preferably from -100 to 10O'*C, more preferably from 
25 -80 to 40**C. 

[0332] The segment PO^ of the olefin block copolymer (A-13) is preferably obtained by polymerizing or copolymer- 
izing at least one a^olefin selected from linear or branched a-olefins having 2 to 20 carbon atoms. Specifically, the 
segment PO^ is an ethylene polymer, such as ethylene homopolymer and ethylene/a-olefin copolymers; a propylene 
polymer, such as propylene homopolymer and propylene/a-olefin copolymers; a butene polymer, such as butene 
30 homopolymer and butene/ethylene copolymer; or a 4-methyl-1-pentene polymer, such as 4-methyl-1-pentene 
homopolymer. 

[0333] The linkage g^ of the olefin block copolymer (A- 1 3) is preferably an ether linkage, an ester linkage or an amide 
linkage. Of these, an ether linkage is particularly preferable. 

[0334] The segment B** of the olefin block copolymer (A-13) is preferably a functional segment obtained by chain 
^ polymerization. More preferably, the segment is such a functional segment containing repeating units containing 
an unsaturated hydrocarbon and/or repeating units containing a hetero atom. Even more preferably, the segment 
is afunctional segment obtained by radical polymerization, ring-opening polymerization or ionic polymerization. Par- 
ticularly preferably, the segment B^ is a functional segment obtained by radical polymerization or ring-opening polym- 
erization. 

[0335] The functional segment may be obtained by the chain polymerization of at least one chain-polymerizable 
monomer For example, it can be obtained by radically polymerizing at least one radically polymerizable monomer, 
ring-opening polymerizing at least one cyclic monomer, or lonlcally polymerizing at least one ionically polymerizable 
monomer. 

[0336] Examples of the radically polymerizable monomer, the cyclks monomer and the ionically polymerizable mon- 

^5 omer are as described above. 

[0337] Of the radically polymerizable monomers, preferable are aromatic vinyl derivatives, (meth)acrylic acid deriv- 
atives, maleic anhydride, vinyl acetate, acrylonitrile. 9-vinylcarbazole, N-vinylpyrrolidone, N.N-dimethylacrylamide. iso- 
butyl vinyl ether and isobutene. Even more preferred are styrene, maleto anhydride, methyl methacrylatO: ethyl meth- 
acrylate, tert-butyl methacrylate, vinyl acetate, vinyl acrylate, butyl acrylate, acrylonitrile and vinyl chloride. 

so [0338] Of the cyclic monomers, e-capro lactone, €-caprolactam and ethyleneoxide are preferred. 

[0339] The segment B^ has a weight-average molecular weight of preferably 500 or more, still preferably from 500 
to 1 ,000,000, even more preferably 500 to 1 00,000, particularly preferably 500 to 50,000. 

[0340] The segment B^ is contained in the olefin block copolymer (A-1 3) in an amount of 20 to 99.99 % by weight, 
preferably 20 to 99 % by weight, more preferably 20 to 95 % by weight, particularly preferably 20 to 90 % by weight 
ss based on the copolymer. 

[0341] The melt flow rate (MFR) of the olefin block copolymer (A-13), as measured at 230°C under 2.16kg load in 
accordance with ASTIVI D1238, ideally ranges from 0.01 to 5000 g/IOmin, preferably 0.05 to 1000 g/IOmin, more 
preferably 0.1 to 500 g/1 Omin. 
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[0342] Specific examples of the olefin block copolymer (A-13) include the following. 

[0343] A block copolymer wherein the segment PO^ is an isotactic polypropylene segment having a molecular weight 
of 500 to less than 2000 and the segment is a polycaprolactam segment having a molecular weight ot 500 to 10.000. 
Such a block copolymer is useful as a compatlbilizer for polypropytenes and nylon resins. 

5 [0344] A block copolymer wherein the segment PO^ is a random copolymer segment of ethylene and an a-olefin of 
3 to 20 carbon atoms and has a molecular weight of 500 to less than 2000 and an ethylene content of 1 0 to 90 % by 
mol, and the segment is a polycaprolactam segment having a molecular weight of 500 lo 10,000. Such a block 
copolymer is useful as an impact modifier for nylon resins and as a compatibilizer for nylon resins and soft polyolefins. 
[0345] A block copolymer wherein the segment PO^ is an ethylene/propylene random copolymer segment and has 

10 a molecular weight of 500 to less than 2000 and an ethylene content of 10 to 90 % by mol, and the segment is a 
polystyrene segment having a molecular weight of 5O0 to 50.000. Such a block copolymer is useful as an impact 
modifier which does not deteriorate the transparency of polystyrene and as a compatibilizer for polystyrenes and soft 
polyolefins. 

[0346] A block copolymer wherein the segment PO^ is an ethylene/propylene random copolymer segment and has 
15 a molecular weight of 500 to less than 2000 and an ethylene content of 10 to 90 % by mol, and the segment B*" is a 
polymethyl methacrylate segment having a molecular weight of 500 to 10,000. Such a block copolymer is useful as an 
impact modifier which does not deteriorate the transparency of polymethyl methacrylate and as a compatibilizer for 
polymethyl methacrylate and soft polyolefins. 

[0347] A block copolymer wherein the segment PQi is a polyethylene segment having a molecular weight of 500 to 
20 less than 2000 and an ethylene content of 90 lo 100 % by mol and the segment B^ Is a polyethylerieoxide segment 
having a molecular weight of 500 to 10,000. Such a block copolymer is preferred to use as a long-tenn anti-fogging 
agent for linear low-density polyethylene (LLDPE) films and a long-term antistatic agent for high-density polyethylene 
(HOPE). 

25 (Production Process) 

[0348] The olefin block copolymer {A-13) can be produced, for example, by the same processes as to produce the 
olefin block copolymers (A-11) and (A-12), preferably by the same process as to produce the olefin block copolymer 
(A-11). That is, the olefin block copolymer (A-13) can be produced by first preparing a polyolefin linking with a Group 

30 13 element in the temiinal position, which has a weight-average molecular weight of less than 2000, preferably from 
500 to 1 800; forming a polymerization active species for such chain polymerization as radical polymerization, ring- 
opening polymerization or ionic polymerization, in the presence of the polyolefin; and performing such a reaction, 
thereby synthesizing the segment B^ having a weight-average molecular weight of 500 or more. 
[0349] The chain polymerization, such as radical polymerization, ring-opening polymerization or ionic polymerization, 

35 can produce an olefin block copolymer which links, in the terminal position, with a polymerization active species for 
chain polymerization, such as a group containing a bond of oxygen and a Group 13 element. Said olefin block copol- 
ymer, as far as treated in such an inert gas as nitrogen, argon or helium, can maintain its polymer structure where it 
has. in the terminal position, a polymerization active species for chain polymerization, such as radical polymerization, 
ring-opening polymerization or ionic polymerization, e.g. , a group containing a bond of oxygen and a Group 1 3 element. 

40 

(Uses) 

[0350] The olefin block copolymer (A-13), where the molecular weight is low. can move easily in a synthetic resin, 
produce excellent effects of stabilizing an interface in an alloy of a polyolefin and a polar polymer, and be used as a 

45 compatibilizer for polymer alloys of polyolefins and polar polymers. 

[0351] When the olefin block copolymer (A-13), In which the segment PO"" has a low glass transition temperature, 
is blended with a polar polymer, domains are fomied minute because the segment PO^ has a low molecular weight. 
Therefore, it can be used as an Impact modifier which does not deteriorate the transparency of transparent polar 
polymers, such as polystyrene, polymethyl methacrylate and polyvinyl chloride. 

50 [0352] The olefin block copolymer comprising the segment PC and a functional segment, such as hydrophllic groups 
and resin-stabilizing groups, can be used as a functional additive having good suitability to polyolefins. For example, 
it can be used as additives for resin, such as a long-term anti-fogging agent, a long-term antistatic agent, a long-term 
heat stabilizer and a long-term weathering stabilizer. 

[0353] The olefin block copolymer can be used for toner binders for printing various adherends because it has both 
55 a sharp melting point and polarity which are Inherent in the low-molecular weight polyolefin. 

[0354] The olefin block copolymer (A-13) can be suitably used for surface- active agents where higher fatty esters 
have been conventionally used, and for waxes where low-molecular weight polyolefins or modified low-molecular weight 
polyolefins have been conventionally used. 
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[0355] The olefin block copotymer (A- 1 3) has an excellent affinity with both a polyolef in and a polar polymer because 
Its segment PO^ has a molecular weight of less than 2000. 

Olefin Block Copolymer (A- 14) 

5 

[0356] The olefin block copolymer (A* 14) will next be described. 

[0357] The segment PO^ of the olefin block copolymer (A-14) Is a polyolefin segment comprising repeating units 
derived from an olefin of 2 to 20 carbon atoms. Specifically, the segment PO^ is a homopolymer or a copotymer of an 
olefin selected from olefins having 2 to 20 carbon atoms. When the polyolefin segment has stereoregularity, the poly- 

10 olefin may be an isotactic polyolefin or a syndiotactic polyolefin. 

[0358] Examples of the olefins having 2 to 20 carbon atoms include the linear or branched a-olefins, the cycloolefins, 
the aromatic vinyl compounds, the conjugated dienes and the non-conjugated polyenes described above. 
[0359] The segment PO^ has a weight-average molecular weight of preferably at least 2,000, more preferably 2,000 
to 1,000,000, even more preferably 10.000 to 800,000, particularly preferably 50,000 to 500,000. 

15 [0360] Preferably, the segment PQi has a molecular weight distribution (Mw/Mn) determined by the gel permeation 
chromatography of 2.5 or less. 

[0361] The segment PO^ of the olefin block copolymer (A- 14). is preferably obtained by polymerizing or copolymer- 
izing at least one a-olefin selected from linear or branched o-olefins having 2 to 20 carbon atoms. Specifically, the 
segment PO^ is composed of an ethylene polymer, such as ethylene homopolymer and ethylene/o-olef in copolymers; 
20 a propylene polymer, such as propylene homopolymer and propylene/a-otefin copolymers; a butene polymer, such as 
butene homopolymer and butene/ethylene copolymer; or a 4-methyl-1-pentene polymer, such as 4-methyM-pentene 
homopolymer. 

[0362] The linkage gi of the olefin block copolymer (A-14) is preferably an ether linkage, an ester linkage or an amide 
linkage. Of these, an ether linkage is particularly preferable. 

25 [0363] The segment of the olefin block copolymer (A-14) is preferably a functional segment obtained by chain 
polymerization. More preferably, the segment B"" is such a functional segment containing repeating units containing 
an unsaturated hydrocarbon and/or repeating units containing a hetero atom. Even more preferably, the segment B"' 
is a functional segment obtained by radical polymerization, ring-opening polymerization or ionic polymerization. Still 
preferably, the segment 8"* is a functional segment obtained by radical polymerization or ring-opening polymerization. 

30 [0364] The functional segment may be obtained by the chain polymerization of at least one chain*polymerizable 
monomer. For example, it can be obtained by radically polymerizing at least one radically polymerizable monomer, 
ring-opening polymerizing at least one cyclic monomer, or iontcally polymerizing at least one lonically polymerizable 
monomer. 

[0365] Examples of the radically polymerizable monomer, the cyclic monomer and the lonically polymerizable mon- 

35 omer are as described above. 

[0366] Of the radically polymerizable monomers, preferable are aromatic vinyl derivatives, (meth)acrylic acid deriv- 
atives, maleic anhydride, vinyl acetate, acrylonitrile, Q-vinylcartaazole, N-vinylpyrrolidone, N,N-dimethylacrylamide, iso- 
butyl vinyl ether and isobutene. Even more preferred are styrene, maleic anhydride, methyl methacrylate, ethyl meth- 
acrylate, tert-butyl methacrylate, vinyl acetate, vinyl acrylate, butyl acrylate, acrylonitrile and vinyl chloride. 

40 [0367] Of the cyclic monomers, e-caprol acton e, e-caprolactam and ethyleneoxide are preferred. 

[0368] The segment B^ of the olefin block copolymer (A-14) ideally has a weight-average molecular weight of less 
than 500, preferably from 50 to less than 500, even more preferably 50 to 450. particulariy preferably 100 to 400. 
[0369] The segment B^ is contained In the olefin block copolymer (A-14) in an amount of 0.0001 to 50 % by weight, 
preferably 0.005 to 20 % by weight, more preferably 0.01 to 15 % by weight, particularly preferably 0.05 to 10 % by 

45 weight based on the copolymer. 

[0370] The melt flow rate (MFR) of the olefin block copolymer (A-14), as measured at 230'C under 2.16kg load in 
accordance with ASTM 01 238. ideally ranges from 0.01 to 200 g/1 Omin, preferably 0.05 to 1 00 g/1 Omin. more preferably 
0.05 to 80 g/1 Omin. 

[0371] In light of good adhesion to polar substances and good suriace hydrophilicity, the olefin block copolymer (A- 
50 14) preferably comprises the segment PO^ which is composed of an ethylene homopolymer, a random copolymer of 
ethylene and an a-olefin of 3 to 20 cartoon atoms (C3.20 a-olefin content: less than 1 0 % by mol), a propylene homopol- 
ymer, a propylene/ethylene random copolymer (ethylene content: less than 10 % by mol), a random copolymer of 
propylene and an a-olefin of 4 to 20 cari^on atoms {C^^o OL'OleVin content: less than 1 0 % by mol), a random copolymer 
of ethylene and an a-olefin of 3 to 20 cartoon atoms (ethylene content: 10 to 90 % by mol, C3.20 a-olefin content: 90 
55 to 10 % by mol) or a random copolymer of propylene and an a-olefin of 4 or more carbon atoms (propylene content: 
10 to 90 % by mol, and C4.20 a-olefin content: 90 to 1 0 % by mol); and 

the segment which is composed of a homopolymer of a (meth)acrylic acid, such as polymethyl methacrylate. 
or a derivative thereof; a copolymer of at least two monomers selected from (meth)acrync acids and derivatives thereof; 
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or a cyclic polyester, such as polycaprolactone. 

[0372] Specifically, examples of the preferred olefin block copolymer (A>14) Include the following. 
[0373] A block copolymer wherein the segment PO^ is polypropylene (Mw: 1 ,000 to 1 ,000,000), the linkage g^ is an 
ether linkage and the segment is poly(2-hydroxyethyl methacrylaie) (Mw: 130 to 450). 
5 [0374] A block copolymer wherein the segment PC is polypropylene (Mw: 1 ,000 to 1 ,000,000), the linkage g^ is an 
ether linkage and the segment is a styrene/maleic anhydride copolymer (Mw: 200 to 450). 

[0375] A block copolymer wherein the segment PO^ Is polypropylene (Mw: 1 ,000 to 1 ,000.000), the linkage g* is an 
ether linkage and the segment is a polyethylene glycol (Mw: 45 to 450). 

[0376] A block copolymer wherein the segment PC is an ethylene/hexene copolymer (hexene content: 0.1 to 30 
10 mol%, Mw: 1,000 to 1 .000,000), the linkage g^ is an ether linkage and the segment 8^ is polycaprolactone (Mw: 100 
to 450). 

[0377] A block copolymer wherein the segment PQi is an ethylene/butene copolymer (butene content: 0.1 to 30 
mol%. Mw: 1,000 to 1 .000.000), the linkage g'' is an ether linkage and the segment is polycaprolactone (Mw: 100 
to 450). 

^5 [0378] A block copolymer wherein the segment PO^ is an ethylene/octene copolymer (octene content: 0.1 to 30 
mol%, Mw: 1 ,000 to 1 ,000,000). the linkage gi is an ether linkage and the segment B"" is polymethyl methacrylate (Mw: 
100 to 450). 

[0379] A block copolymer wherein the segment PO"" is an ethylene/octene copolymer (octene content: 0.1 to 30 
mol%, Mw: 1 ,000 to 1 .000.000), the linkage g^ is an ether linkage and the segment B^ Is polycaprolactone (Mw: 100 
20 to 450). 

[0380] A block copolymer wherein the segment PO^ is an ethylene/hexene copolymer (hexene content: 0.1 to 30 
mol%, Mw: 1,000 to 1 .000,000). the linkage g** is an ether linkage and the segment B^ is a styrene/maleic anhydride 
copolymer (Mw: 200 to 450), 

25 (Production Process) 

[0381] The olefin block copolymer (A- 14) can be produced, for example, by the same processes as to produce the 
olefin block copolymers (A-11) and (A-12), preferably by the same process as to produce the olefin block copolymer 
(A- 11). That is, the olefin block copolymer (A-14) can be produced by first preparing a polyolefin linking with a Group 

30 13 element in the terminal position, which has a weight-average molecular weight of not less than 2000, preferably 
from 2,000 to 1 ,000,000; fomiing a polymerization active species for chain polymerization, such as radical polymeri- 
zation, ring-opening polymerization or ionic polymerization, in the presence of the polyolefin and performing such a 
reaction, thereby synthesizing the segment B^ having a weight-average molecular weight of usually less than 500, 
preferably from 50 to less than 500. 

55 [0382] The olefin block copolymer (A-14) may be compounded with thermoplastic resins, fillers, nucleating agents 
and additives used for polymers at an arbitrary proportion, and may be subjected to post-modificatbn, such as crosslink- 
ing and foaming. 

[0383] Examples of the themnoplastic resins are as exemplified with respect to the thennoplastic resin (C). 
[0384] The thermoplastic resins may be used either individually or in combination. 
40 [0385] The olefin block copolymer (A-14) may contain, in addition to the thermoplastic resins, such additives as a 
crossiinking agent, a filler, a crosslinking accelerator, a crosslinking assistant, a softener, a tackifier, an anti-aging 
agent, a foaming agent, a processing assistant, an adhesion improver, an Inorganic filler, an organic filler, a crystalline 
nucleating agent, a heat stabilizer, a weathering stabilizer, an antistatic agent, a colorant, a lubricant, a flame retardant 
and a blooming inhibitor. 

45 [0386] Examples of the crosslinking agent, the filler, the crosslinking accelerator, the crosslinking assistant, the sof- 
tener, the tackifier, the anti-aging agent, the foaming agent, the processing assistant, the adhesion improver, the inor- 
ganic filler, the organic filler and the crystalline nucleating agent include the same ones noted above. 

(Process for Preparing Molded Articles) 

so 

[0387] The olefin block copolymer (A-14) can be produced into various molded articles, just as with the olefin block 
copolymer (A-1 ), by calendering, extrusion molding, injection molding, blow molding, press molding or stamping mold- 
ing. 

55 (Uses) 

[0388] The olefin block copolymer (A-14) can be used for many purposes. For example, as is the case with the olefin 
block copolymer (A-1 ), it can be used for films, sheets, laminates, modifiers, viscosity modifiers, moldability improvers, 
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construction and civil engineering materials, automobile interior and exterior parts, gasoline tanks, electric and elec- 
tronic parts, aqueous emulsion, coating bases, medical and sanitary products, miscellaneous products, modifiers for 
filler, compatibilizer. microcapsules. PTP packages, chemical valves and drug delivery system. 

Olefin Block Copolymer (A-2) 

[0389] The olefin block copolymer (A-2) Is represented by fomnula (II); 

PO^.f2.R2.(X^)„-h^ (II) 

wherein PO^ is a poiyotefin segment comprising repeating units derived from an olefin of 2 to 20 carbon atoms, 
specifically, it is a homopolymer or a random copolymer of an olefin selected from olefins having 2 to 20 carbon atoms. 
When the polyolefin segment has stereoregularity, the polyolefin may be either an isotactic polyolef in or a syndiotactic 
polyolefin. 

[0390] Examples of the olefins having 2 to 20 carbon atoms include the linear or branched a-olefins, the cydoolefins, 
the aromatic vinyl compounds, the conjugated dienes and the non-conjugated polyenes described above. 
[0391] The segment PO^ has a weight-average molecular weight of. although not particulariy limited to. usually 200 
to 1 .000.000, preferably 5.000 to 500.000. more preferably 10,000 to 50.000. 

[0392] The segment PO^ has a molecular weight distribution (Mw/Mn) of 2.5 or less, preferably 2.3 or less according 
to the gel penneation chromatography. 

[0393] The segment PO^ is preferably obtained by polymerizing or copolymcrizing at least one a-olefin selected 
from linear or branched a-olefins having 2 to 20 caritjon atoms. Specifically, the segment P02 is composed of an 
ethylene polymer, such as ethylene homopolymer and ethylene/a-olefin random copolymers; a propylene polymer 
such as propylene homopolymer and propylene/a-olefin random copolymers; a butene polymer, such as butane 
homopolymer and butene/ethylene random copolymer; or a 4-methyl-1 -pentene polymer, such as 4-methyl-1 -pentene 
homopolymer. 

[0394] In fomnula (II), f2 denotes an ether linkage, an ester linkage or an amide linkage. Of these, an ether linkage 
is preferable. The linkage f^ chemically bonds the polyolefin segment and the functional segment described below to 
each other. 

[0395] The linkage f2 occasionally contains a part of the structure formed as a result of such chain polymerization 
as radical polymerization, ring-opening polymerization or ionic polymerization. 

[0396] In formula (II), is a functional segment obtained by chain polymerization, preferably containing repeating 
units containing an unsaturated hydrocarbon and/or repeating units containing a hetero atom. More preferably. R2 Is 
a functional segment obtained by radical polymerization, ring-opening polymerization or ionic polymerization. More 
preferably, R^ Is a functional segment obtained by radical polymerization or ring-opening polymerization. 
[0397] The segment R^ is obtained by chain polymerizing at least one chain-polymerizable monomer. For example, 
it can be prepared by the radical polymerization of at least one radically polymerizable monomer, the ring-opening 
polymerization of at least one cyclic monomer, or the ionic polymerization of at least one ionically polymerizable mon- 
omer. 

[0398] Examples of the radically polymerizable monomer for the radical polymerization are as described above. 
[0399] Of the radically polymerizable monomers exemplified above, preferred are aromatic vinyl derivatives, (meth) 
acrylic acid derivatives, maleic anhydride^ vinyl acetate, acrylo nit rile, 9- vinyl carbazole, N-vinyl pyrrolidone, N,N-dimeth- 
ylacrylamide, isobutyl vinyl ether and isobutene. Even more prefen-ed are styrene, maleic anhydride, methyl methacr- 
ylate, ethyl methacrylate. tert-butyl methacrylate. vinyl acetate, vinyl acrylate, butyl acrylate, acrylonitrile and vinyl 
chloride. 

[0400] Examples of the cyclic monomers used in the ring-opening polymerization include those above described. 
[0401] Of the cyclic monomers exemplified above, e-caprolactone. e-caprolactam and ethyleneoxide are preferred. 
[0402] Examples of the ionically polymerizable monomers include the same ones as above noted. 
[0403] As the segment R2, a segment obtained by the radical polymerization of a radically polymerizable monomer, 
such as methyl methacrylate, ethyl methacrylate, vinyl acrylate, butyl acrylate, styrene and acrylonitrile; and a segment 
obtained by the ring-opening polymerization of a cyclic monomer, such as lactone, lactam, 2-oxazoline and cyclic 
ethers, are preferred. 

[0404] The segment R2 has a weight-average molecular weight of, although not particulariy limited to. usually 100 
to 1 , 000, 000, preferably 200 to 500,000, more preferably 300 to 490. 

[0405] Desirably, the segment R2 is contained in the olefin block copolymer (A-2) in an amount of usually 0.01 to 
99.99 % by weight, preferably 1 to 99 % by weight, more preferably 1 to 95 % by weight based on the copolymer (A-2). 
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[0406] In formula (11), denotes an ester linkage, an ether linkage, an amide linkage, an imide linkage, a urethane 
linkage, a urea linkage, a silylether linkage or a carbonyl linkage. 

[0407] In formula (II). h2 denotes a polar group selected from an amino group, a halogen atom, an isocyanate group, 
an aldehyde group, a hydroxy! group, a carboxyl group, an anhydride group, a silanol group, a sulfonic group and an 

5 epoxy group; and n is 0 or 1 . 

[0408] In the presenl invention, h^ is desired to be an amino group, a halogen atom, an isocyanate group, an aldehyde 
group or a carboxyl group, preferably a halogen atom, an isocyanate group or an aldehyde group when n is 0. 
[0409] The olefin block copolymer (A-2) of formula (II) desirably has a melt flow rate (MFR), as measured at ZZO^'C 
under 2.16kg load according to ASTM D 1238: of usually 0.01 to 200 g/IOmin, preferably 0.05 to 100 g/10min, more 

10 preferably 0.05 to 80 g/1 Omin. 

[0410] Examples of the olefin block copolymer (A-2) represented by formula (II) include the following. 
[0411] Examples of the olefin block copolymer (A-2) represented by fomnula (II) wherein n is 0 include; 

a block copolymer wherein the segment P02 is an ethylene/butene copolymer (butene content: 30 mol%), the 
linkage is an ether linkage, the segment R2 is a methyl methacrylate polymer and the polar group h^ is a hydroxyl 

15 group; 

a block copolymer wherein the segment P02 is an ethylene/propylene/DMDT copolymer (propylene content: 28 
mol%, DMDT content: 3 mol%). the linkage f^ is an ether linkage, the segment R2 is a styrene polymer and the polar 
group h^ is a carboxyl group; and 

a block copolymer wherein the segment P02 is a polypropylene homopolymer. the linkage is an ether linkage. 
20 the segment is a hydroxyelhyl acrylate homopolymer and the polar group h^ is an amino group. 

[0412] Examples of the olefin block copolymer (A-2) represented by fonnula (II) wherein n is 1 include; 

a block copolymer wherein the segment PO^ is an ethylene/butene random copolymer (butene content: 1 0 mol%) , 
the linkage f^ is an ether linkage, the segment R2 is an ethylene glycol polymer, the linkage is an ether linkage and 
the polar group h^ is an amino group; 
25 a block copolymer wherein the segment PO^ is an ethylene/norbornene random copolymer (norbornene content: 

8.5 mol%), the linkage f2 is an ether linkage, the segment R2 is a methyl methacrylate polymer, the linkage is an 
ether linkage and the polar group h^ is an isocyanate group; and 

a block copolymer wherein the segment P02 is an ethylene homopolymer, the linkage f2 is an amide linkage, the 
segment R2 is an e-caprolactam ring-opening polymer, the linkage X2 is an amide linkage and the polar group h2 is an 
30 isocyanate group. 

[0413] These copolymers characteristically have both the hydrophobtcity of polyolefin and the reactivity of polar 
group. 

[041 4] Referring to the olefin block copolymer (A-2), It Is also preferable that the segment R2 have a weight-average 
molecular weight of less than 500. Such an olefin block copolymer is suitably used for anli-fogging films, paints, ad- 
35 hesives for resins and coating of metals. 

[041 5] Examples of the olefin block copolymer (A-2) wherein the segment R2 has a weight-average molecular weight 
of less than 500 include; 

a block copolymer wherein the segment P02 is an ethylene/butene random copolymer (butene content: 5 mol%), 
the linkage f2 is an ether linkage, the segment R2 is an ethylene glycol polymer, n is 0 and the polar group h2 is a 
40 hydroxyl group; and 

a block copolymer wherein the segment P02 is an ethylene/octene random copolymer (octene content: 10 mol%), 
the linkage f2 is an ether linkage, the segment R2 is a polymethyl methacrylate segment, n is 1 , the linkage X2 is an 
ether linkage and the polar group h2 is a sulfonic group. 

[0416] These olefin block copolymers (A-2) characteristically have all the compatibility with polyolefins and the re- 
45 activity to functional groups and the hydrophilicity. 

[0417] The olefin block copolymer (A-2) represented by fomnula (II) can be produced by the following processes. 

[0418] First, the olefin block copolymer (A-2a) represented by formula (II) wherein n is 0 will be described. 

[0419] The olefin block copolymer (A-2a) can be prepared, for example, by replacing an active species for chain 

polymerization (-Z) present in the terminal position of the olefin block copolymer (A-2b) represented by formula (lib) 
so with a functional group containing an oxygen, nitrogen, silicon or halogen atom. The term functional group containing 

a halogen atom comprehends a halogen atom per se. 

PO^-f^-R^-Z (lib) 

55 

wherein P02. f2 and R2 are as defined with respect to formula (II) and Z denotes an active species for chain 
polymerization. 
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[0420] The olefin block copolymer (A-2b) can be produced, for example, by the same process as to produce the 
olefin block copolymer (A-11) or (A-12), preferably by the same process as to produce the olefin block copolymer (A- 
11). That is, the olefin block copolymer (A-2b) can be produced by first preparing a polyolefin linking with a Group 13 
element in the terminal position, which has a weight-average molecular weight of 200 to 1 ,000,000; fonming a polym- 

5 erization active species for chain polymerization, such as radical polymerization, ring-opening polymerization or ionic 
polymerization, in (he presence of the polyolefin; and conducting such a reaction, thereby synthesizing the segment 

having a weight-average molecular weight of 100 to 1 ,000,000. 
[0421] The olefin block copolymer (A-2b) thus produced, as far as treated in such an inert gas as nitrogen, argon or 
helium, can maintain its polymer structure where it has, in the temninal position, an active species for chain polymeri- 

10 zation, such as a group containing a bond of oxygen and a Group 13 element. 

[0422] The olefin block copolymer (A-2b) can also be prepared by anionic polymerization, likewise the process for 
producing the olefin block copolymer (A-8) mentioned later. Such a process gives the olefin block copolymer (A-2b) 
having lithium or a phosphorus-containing group in the terminal position. 

[0423] Of the olefin block copolymers (A-2a), the copolymers wherein the linkage h^ is a hydroxyl group can be 

15 prepared by hydrolysis or alcoholysis of the olefin block copolymer (A-2b). 

[0424] The hydrolysis or the alcoholysis is performed by introducing the olefin block copolymer (A-2b) in an excessive 
amount of water or alcohol containing hydrochloric acid in small amounts and stirring the mixture for at least 5 minutes. 
[0425] The olefin block copolymer (A-2a) wherein the linkage h^ is a group other than the hydroxyl group, namely 
wherein the linkage h^ Is an amino group, a halogen, an Isocyanate group, an aldehyde group, a carboxyl group, an 

20 anhydride group, a silanol group, a sulfonic group or an epoxy group, can be prepared by reacting the hydroxyl group 
constituting the linkage h^ of the olefin block copolymer (A-2a) with a compound containing a functional group which 
can react with the hydroxyl group, thereby converting the hydroxyl group to a different group. 

[0426] In producing the olefin block copolymer (A-2a) wherein the linkage h^ is a group other than the hydroxyl group, 
the functional group obtained as a result of conversion of the hydroxyl group constituting the linkage h^ of the olefin 

25 block copolymer (A-2a), may be reacted with a compound containing a functional group whk:h can react with the former 
functional group to be converted to a different group. As specific and preferable examples, there can be mentioned a 
conversion where a hydroxyl group is converted to a halogen and the halogen is converted to an amino group; and a 
conversion where a hydroxyl group is converted to a halogen and the halogen is converted to an amino group to form 
a polymer and further the linkage h^ of the polymer is converted to an isocyanate group. 

30 [0427] The conversion is preferably made with the olefin block copolymer (A-2a) being molten or with at least a part 
of the olefin block copolymer (A*2a) being dissolved in an organic solvent, more preferably with the olefin block copol- 
ymer (A-2a) being completely dissolved in an organic solvent. 

[0428] Examples of the organic solvent used in the conversion include aliphatic hydrocarbons, such as hexane, 
heptane and decane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogen-containing hydrocarbons, 
35 such as methylene chloride and dichlorobenzene; and hetero atom-containing hydrocarbons, such as dimethyl sulfox- 
ide and dimethyl formamide. 

[0429] Next, specific examples of the process for producing the olefin block copolymer (A-2a) wherein the linkage 
h^ is a halogen, an aldehyde group, a carboxyl group, an amino group or an isocyanate group will be described. 

40 (When the linkage h^ is a halogen:) 

[0430] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxyl group is mixed with thionyl chloride of 
an amount 1 to 1 0 molar times that of the hydroxy! group, and they are allowed to react with each other at 0 to 100*^0 
for 5 minutes to 24 hours. Thionyl bromide can be used In place of the thionyl chloride. 

45 

(When the linkage h^ is an aldehyde group:) 

[0431] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxyl group (contained in the fonri of a 
primary alcohol) is mixed with pyridinium chlorochromate of an amount 1 to 5 molar times that of the hydroxyl group, 
50 and they are allowed to react with each other at -20 to lOO'^C for 0.5 to 24 hours. 

(When the linkage h^ is a carboxyl group:) 

[0432] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxyl group (contained in the form of a 
55 primary alcohol) is mixed with potassium penmanganate of an amount 1 to 1 0 molar times that of the hydroxyl group, 
and they are allowed to react with each other at 0 to 200^C for 0.5 to 24 hours. 
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(When the linkage is an amino group:) 

[0433] The olefin block copolymer (A-2a) wherein the linkage h^ is a halogen is mixed with sodium azide of an amount 
1 to 10 molar times that of the halogen, and they are allowed to react with each other at 50 to 150*C for 0.5 to 24 
5 hours. The resulting reaction product is mixed with triphenylphosphlne of an amount 1 to 10 molar times that of the 
halogen (the halogen in the olefin block copolymer (A-2a)). and they are allowed to react with each other at 0 to 1 0O^^C 
for 0.5 to 24 hours. 

(When the linkage h^ is an isocyanate group:) 

10 

[0434] The olefin block copolymer (A-2a) wherein the linkage h^ is an amino group is mixed with hydrochloric acid 
of an amount 2 to 20 molar times that of the amino group, and they are allowed to react with each other at temperatures 
lower than 30*^0, preferably at -20 to 20''C for 0.5 to 12 hours. The resulting reaction product is precipitated by addition 
of acetone. The precipitate is reacted in a suspended state by passing phosgene through while being heated to 150 
15 to 250*»C for 8 to 48 hours. 

[0435] The olefin block copolymers (A-2a) can be produced by the processes given above. 

[0436] The olefin block copolymer (A-2c) of formula (H) wherein n is 1 can be prepared by reacting the olefin block 
copolymer (A-2a) with a compound containing in the molecule 2 or more functional groups which can react with the 
linkage h^. The functional groups of the compound containing in the molecule 2 or more functional groups which can 
20 react with the linkage h^ may be the same or different. These functional groups may be present independently or 
condensed like the acid anhydride. 

[0437] Examples of the process for producing the olefin block copolymer (A-2c) by reacting the olefin block copolymer 
(A-2a) with a compound containing in the molecule 2 or more functional groups will be given hereinafter. 

25 (When the linkage h^ is an amino group:) 

[0438] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxyl group is mixed with ethanolamine of 
an amount 1 to 50 molar times that of the hydroxyl group, and with a sulfuric acid of catalytic quantity. They are allowed 
to react with each other at 40 to 20O'C for 1 to 24 hours. 

30 

(When the linkage h^ is a halogen:) 

[0439] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxyl group Is mixed with 1 ,3-dlbromopropane 
of an amount 1 lo 100 molar times that of the hydroxyl group, and they are allowed to react with each other in the 
3s presence of such a basic organic solvent as represented by pyridine at -20 to 1 0O^'C for 5 to 24 hours. 

(When the linkage h^ is an isocyanate group:) 

[0440] The olefin block copolymer (A-2a) wherein the linkage h^ is an amino group is mixed with a hydrochloric acid 
40 of an amount 2 to 20 molar times that of the amino group, and they are allowed to react with each other at temperatures 
lower than SO^C, preferablly at -20 to 20°C for 0.5 to 12 hours. The reaction product is precipitated by addition of 
acetone. The resulting precipitate is reacted in a suspended state by passing phosgene through while being heated 
to 150 to 250*»C for 8 to 48 hours. 

45 (When the linkage h^ is an aldehyde group:) 

[0441] The olefin block copolymer (A-2a) wherein the linkage h^ Is a hydroxyl group (contained In the form of a 
primary alcohol) is mixed with pyridinium chlorochromate of an amount 1 to 5 molar times that of the hydroxyl group, 
and they are allowed to react with each other at -20 to 100*^0 for 0.5 to 24 hours. 

50 

(When the linkage h^ is a hydroxyl group:) 

[0442] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxyl group is mixed with ethylene glycol of 
an amount 1 to 1 0 molar times that of the hydroxyl group, and with a sulfuric acid of catalytic quantity. They are allowed 
55 to react with each other at 40 to 150^*0 for 1 to 10 hours. 
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(When the linkage is a carboxyl group:) 

[0443] The olefin block copolynner (A-2a] wherein the linkage h^ is a hydroxy! group (contained in the form of a 
primary alcohol) Is mixed with maleic anhydride of an amount 1 to 10 molar times that of the hydroxy! group, and they 
are allowed to react with each other at 20 to 150^C for 0.5 to 1 0 hours. 

(When the linkage h^ is an anhydride group:) 

[0444] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxy! group is mixed with meso-butane- 
1 ,2,3,4-tetracarboxylic dianhydride of an amount 1 to 1 0 molar times that of the hydroxy! group, and they are allowed 
to react with each other at 20 to 150°C for 0.5 to 1 0 hours. 

(When the linkage h^ is a silanol group:) 

[0445] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxy! group is mixed with di-tert-buty!silyl 
dichloride of an amount 1 to 1 0 molar times that of the hydroxy! group, and with AgNOg of catalytic quantity. They are 
allowed to react with each other at 1 0 to 40''C for 1 0 to 24 hours. 

(When the linkage h^ is a sulfonic group:) 

[0446] The olefin block copolymer (A-2a) wherein the linkage h^ is a hydroxy! group is mixed with a sulfuric acid of 
an amount 1 to 1 0 molar times that of the hydroxy! group, and they are allowed to react with each other at 40 to 200*C 
for 1 to 12 hours. 

Olefin Block Copolymer (A>21) 

[0447] Next, the olefin block copolymer (A-21 ) will be described. 

[0448] The olefin block copolymer (A-21 ) is a copolymer of the olefin block copolymers (A-2), wherein the segment 
P02 has a weight-average molecular weight of less than 2000, preferably from 500 to 1 800, and the segment R2 has 
a weight-average molecular weight of at least 600, preierably from 500 to 1.000.000. more preferably from 500 to 
100.000, even more preferably 500 to 50,000. 

[0449] In the olefin block copolymer (A-21 ), the segment PO^ desirably has a molecular weight distribution (Mw/Mn), 
detenmined by the gel pemrieatlon chromatography, of 2,5 or less, preferably 2.3 or less. 

[0450] In the olefin block copolymer (A-21), the segment P02 desirably has a glass transition temperature (Tg) de- 
termined with the differential scanning calorimeter (DSC) of usually 1 50*C or less^ preferably from -1 00 to 1 0O'C^ more 
preferably from -80 to 40*C. 

[0451] The segment PO^ is preferably obtained by polymerizing or copolymerizing at least one a-olefin selected 
from linear or branched a-oleflns having 2 to 20 carbon atoms. Specifically, the segment PO^ is composed of an 
ethylene polymer, such as ethylene homopolymer and ethylene/a-olefin copolymers; a propylene polymer, such as 
propylene homopolymer and propytene/a-olefin copolymers; a butene polymer, such as butene homopolymer and 
butene/ethylene copolymer; or a 4-methyl-1-pentene polymer, such as 4-methyl-1 -ponteno homopolymer. 
[0452] The segment R2 is contained in the olefin block copolymer (A-21) in an amount of 20 to 99.99 % by weight, 
preferably 20 to 99 % by weight, more preferably 20 to 95 % by weight, particulariy preferably 20 to 90 % by weight 
based on the copolymer (A-21). 

[0453] The melt flow rate (MFR) of the olefin block copolymer (A-21). as measured at 230'»C under 2.16kg load in 
accordance with ASTM D1238, ideally ranges from 0.01 to 5000 g/10min, preferably 0.05 to 1000 g/IOmin. more 
preferably 0.1 to 500 g/IOmin. 

[0454] Specific examples of the olefin block copolymer (A-21 ) include the following. 

[0455] A block copolymer wherein the segment PO^ is an isotactic polypropylene segment having a molecular weight 
of 500 or more and less than 2000 and the segment is a polycapro lactam segment having a molecular weight of 
500 to 10,000. Such a block copolymer is useful as a compatibilizer for polypropylenes and nylon resins. 
[0456] A block copolymer wherein the segment PO^ is composed of a random copolymer of ethylene and an a-olefin 
of 3 to 20 carbon atoms and has a molecular weight of 500 or more and less than 2000 and an ethylene content of 10 
to 90 % by mol, and the segment is a polycaprolactam segment having a molecular weight of 500 to 10,000. Such 
a block copolymer is useful as an impact modifier for nylon resins and as a compatibilizer for nylon resins and soft 
polyolefins. 

[0457] A block copolymer wherein the segment PO^ is an ethylene/propylene random copolymer segment and has 
a molecular weight of 500 or more and less than 2000 and an ethylene content of 1 0 to 90 % by mol, and the segment 
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is a polystyrene segment having a molecular weight of 500 to 50,000. Such a block copolymer is useful as an impact 
modifier which does not deteriorate the transparency of polystyrene and as a compatibilizer for polystyrenes and soft 
polyolefins. 

[0458] A block copolymer wherein the segment P02 is an ethylene/propylene random copolymer segment and has 
5 a molecular weight of 500 or more and less than 2000 and an ethylene content of 10 to 90 % by mol, and the segment 
R2 is a polymethyl methacrylate segment having a molecular weight of 500 to 10,000. Such a block copolymer is useful 
as an impact modifier whteh does not deteriorate the transparency of polymethyl methacrylate and as a compatibilizer 
for polymethyl methacrylate and soft polyolefins. 

[0459] A block copolymer wherein the segment PO^ is a polyethylene segment having a molecular weight of 500 or 
10 more and less than 2000 and an ethylene content of 90 to 100 % by mol and the segment is a polyethyleneoxide 
segment having a molecular weight of 500 to 10,000. Such a block copolymer is preferred to use as a long-tenn anti- 
fogging agent for LLDPE films and a long-tenn antistatic agent for HOPE. 
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(Production Process) 

[0460] The olefin block copolymer (A-21) can be prepared by the same process as to produce the olefin block co- 
polymer (A-2). 

(Uses) 



[0461] The olefin block copolymer (A-21 ) can be linked to a low-molecular weight compound at a part of the functional 
group of the segment R2 or at its tenninal -{X^)„-h^. Otherwise, the olefin block copolymer (A-21) can be linked to a 
low-molecular weight compound during the synthesis thereof. For example, the olefin block copolymer having a hin- 
dered-amine structure in the molecule can be produced by esterif ication of a methacrylic acid segment with 4-hydroxy- 

2S 2,2\6,6'-tetramethyl-1-plperidine. With such a structure as a hindered-phenol structure, a phosphite structure or a 
thioether structure, the copolymer can be imparted with functions to act as a heat stabilizer or a weathering stabilizer 
[0462] The olefin block copolymer (A-21). where the molecular weight is low, can move easily in a synthetic resin, 
produce excellent effects of stabilizing an interface in an alloy of a polyolefin and a polar polymer, and be used as a 
compatibilizer for polymer alloys of polyolefins and polar polymers. 

30 [0463] When the olefin block copolymer (A-21 ), in which the polyolefin segment has a low glass transition temper- 
ature, is blended with a polar polymer, domains are fomied minute because the polyolefin segment has a low molecular 
weight. Therefore, the olefin block copolymer (A-21 ) can be used as an impact modifier which does not deteriorate the 
transparency of transparent polar polymers, such as polystyrene, polymethyl methacrylate and polyvinyl chloride. 
[0464] The olefin block copolymer (A-21 ) comprising the segment composed of, for example, a hydrophilic group 

^ or a resin-stabilizing group, can be used as a functional additive having a good suitability to polyolefins. For example, 
such an olefin block copolymer can be used as additives for resins, such as a long-term anti-fogging agent, a long- 
term antistatic agent, a long-term heat stabilizer and a long-term weathering stabilizer. 

[0465] The olefin block copolymer (A-21 ) can be used in toner binders for printing various adherends because it has 
both a sharp melting point and polarity which are inherent in the low-molecular weight polyolefin. 
"fo [0466] The olefin block copolymer (A-21 ) also can be suitably used as suriace-active agents where higher fatty esters 
have been conventionally used, and as waxes where low-molecular weight polyolefins or modified low-molecular weight 
polyolefins have been conventionally used. 

[0467] The olefin block copolymer (A-21 ) has an excellent affinity with both a polyolefin and a polar polymer because 
its segment PO^ has a molecular weight of less than 2000. 



Olefin Block Copolymer (A-3) 

[0468] The olefin block copolymer (A-3) is represented by fomiula (III): 



PO^-g^-F^ (III) 

Wherein PO^ is of the same definition as P02 in fomiula (II). 
[0469] When the segment PO^ is derived from a linear a-olef in of 2 to 20 carbon atoms, the crystalllnity, the melting 
^ point, the impact resistance and the rigidity can be adjusted freely 

[0470] When the segment PO^ Is derived from a branched olefin or a cycloolefin having 5 to 20 carbon atoms, Tg 
can be adjusted. 
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[0471] When the segment PO^ is derived from a conjugated diene or a non-conjugated polyene, the copolymer 
becomes rich In reactivity in crosslinking or the like. 

[0472] When the segment PO^ has a molecular weight distribution (Mw/Mn) of 2.5 or less, the copolymer is excellent 
in adhesion and coating properties owing to no sticking and no bleedout of low-molecular weight substances because 

5 tow-molecular weight substances formed in small amounts. 

[0473] The segment PO^ is preferably obtained by polymerizing or copolymerizing at least one a-olefin selected 
from linear or branched a-olefins having 2 to 20 carbon atoms. Specifically, the segment PO^ is composed of an 
ethylene polymer, such as ethylene homopolymer and ethylene/a-olefin random copolymers; a propylene polymer, 
such as propylene homopolymer and propylene/a-olefin random copolymers; a butene polymer, such as butene 

10 homopolymer and butene/ethylene random copolymer; or a 4-methyl- 1 -pentene polymer, such as 4-methyl- 1 -pentene 
homopolymer. 

[0474] The segment PO^ has a weight-average molecular weight of, although not particularly limited to, usually 200 
to 1.000,000, preferably 5,000 to 500,000, more preferably 10.000 to 50.000. 

[0475] In fonnula (III), g^ denotes an ester linkage, an ether linkage, an amide linkage, an imide linkage, a urethane 
15 linkage, a urea linkage, a sllylether linkage or a carbonyl linkage. Of these, a urea linkage, a silylelher linkage and a 
carbonyl linkage are preferred. An ether linkage, an ester linkage, an amide linkage, an imide linkage and a urethane 
linkage are also preferable. 

[0476] The linkage g^ is fomned as a result of the reaction of the polyolefin having in the terminal position a functional 
group containing an oxygen atom, a nitrogen atom, a silicon atom or a halogen atom (mentioned later) with a polar 

20 polymer. The linkage g^ occasionally contains a part of the stmcture of the polyolefin or the polar polymer. 

[0477] In formula (III), denotes a segment containing an unsaturated hydrocarbon or a hetero atom, which segment 
can be derived from a polar polymer obtained by a condensation reaction, such as polycondensation; an ionic reaction, 
such as anionic polymerization and cationic polymerization; or an addition reaction, such as polyaddition reaction. 
Examples of the segment include compounds obtained by subjecting an amphoteric electrolyte monomer to a con- 

25 densation reaction, an ionic reaction or an addition reaction. 

[0478] Preferably, the bonding structures of monomer units in the segment are symmetrical about the center of 
the monomer units. 

[0479] The definition that the bonding structures of monomer units in the segment F^ are symmetrical about the 
center of the monomer units, is that the bonding structures in a polymer, where 4 or more sequential monomer units 
30 are symmetrical about the part of the structures excluding the functional group-parts contributing to the formation of 
the bonded parts of the monomer units. 

[0480] Examples of the bonding structures of the monomer units which are symmetrical about the center of the 
monomer units include the following. 



-N-C-RP-C-N-R^-N-C-R®-C-N-R^-N-C- 

I II II I I II Hi I II 

HO OH HO OH HO 



[0481] In the above structure, the bonding stnjctures are symmetrk^al about any of RP, FW, and R*. The structures 
are symmetrical In only the order of bonding of elements, and the symmetry does not concern itself in terms of the 

45 conformation and the enantiomer. 

[0482] Examples of the combination of monomers that can make such bonding include combinations of diols and 
dibasic acids, e.g., dicarboxylic acid; diols and dlisocyanates; diamines and dicarboxylic acids; and diamines and di- 
aldehydes. Examples of the type of the bonding structure include an amide linkage, an ester linkage, a urea linkage, 
a urethane linkage and an imide linkage. 

50 [0483] Examples of the diols include aliphatic diols, such as diethylene glycol, 1 ,2-propane dioL 1 ,3-propane diol, 
1,4-butane diol, 1 ,6-hexane diol, trimethylene glycol, neopentyl glycol, dodecamethylene glycol, triethylene glycol and 
tetraethylene glycol; alicyclic diols, such as cyclohexanedimethanol; and aromatic group-containing diols. such as 
1 ,3-bis(2-hydroxyethoxy)benzene. 1 ,2-bis(2-hydroxyethoxy)benzene, 1 ,4-bls{2-hydroxyethoxy)benzene, bis[4-(2-hy- 
droxyethoxy)phenyl]sulfone, 2,2-bls(4-p-hydroxyethoxyphenyl)propane, bisphenols, hydroquinone and resorcin. 

55 [0484] Examples of the dicartsoxylic acids Include aromatic dicarboxylic acids, such as terephthalic acids, 2,7-naph- 
thalenedtearboxylic acid, 1 ,4-naphthalenedicarboxylic acid, 4,4'-sulfone-blsbenzoic acid, 4,4'-biphenyldlcartDoxyllc ac- 
id, 4,4*-sulfide-bisbenzoic acid, 4,4'-oxy-bisben2ob acid and diphenoxyethanedicarboxylic acid; aliphatic dIcartDOxylic 
acids, such as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimellc acid, cork acid, fumaric acid, 
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maleic acid, sebacic acid, azelaic acid and decanedicarboxylic acid; and alicyclic dicarboxylic acids, such as cyciohex- 
anedicarboxylic acid. 

[0485] Examples of the diamines include ethylenediamlne, tetramethylenediamlne, hexamethylenediamine, octam- 
ethylenediamine, 1 ,3-bis[4-(4-amlnophenoxy)-a,a-drmethylben2yllben2ene, 1 ,4-bis[4-4(aminophenoxy)-a.a-dlmeth- 

5 ylbenzyljbenzene, m-phenylenediamine, o-phenylenedlamine, p-phenylenedlamine, m-amlnobenzylamine, o-ami- 
nobenzylamine, 3-chloro-1 ,2-phenylenediamine, 4-chloro-1,2-phenylenediamine, 2.3-diaminotoluene, 2.4-diaminoto- 
luene, 2,5>diaminotoluene, 2,6-diaminotoluene, 3.4'diaminotoluene, 3,5-diaminotoluene, 2-m8thoxy-1 ,4-phenylenedi- 
amine, 4-methoxy-1 ,2-phenylenediamine, 4-methoxy-1.3-phenylenediamine, benzidine, 3,3'dichlorobenzidine, 3,3'- 
dimethylbenzidine, 3,3'-dimethoxybenzidine, 3,3'-diaminodiphenyl ether 3,4*-diaminodiphenyl ether, 4,4'-dlamin- 

10 odiphenyl ether, 3,3'-diaminodiphenyl sulfide, 3,3'-diaminodiphenyl sulfoxide, 3,4'-diaminodiphenyl sulfoxide, 4,4'-dh 
aminodiphenyl sulfoxide, 3,3'-diamlnodiphenyl sulfone, 3,4'-diaminodjphenyl sutfone, 4.4*-diaminodiphenyl sulfone. 
3.3*-diaminobGnzophenonc, 3,4'-diaminobenzophenone. 4,4*-diaminobenzophenone. 3,3'-diaminodiphenylmethanG, 
3,4'-diaminodiphenylmGthanG, 4.4*-diaminodiphenylmethane, bis [4-(4-aminophenoxy)phenyl)methane, 1 ,1 -bis 
[4-(4-amlnophenoxy)phenyllethane, 1 .2-bis[4.(4-aminoph©noxy)phenyl]elhane, 1 ,1 -bis[4-(4-aminophenoxy)phenyl] 

15 propane, 1 ,2-bis[4-(4-aminophenoxy)phenyl)propane, 1 ,3-bis[4-(4-amlnophenoxy)phenyl]propane. 2.2-bls[4-(4-ami- 
nophenoxy)phenyl]propanG, 1 ,1-bls[4-(4-amlnophenoxy)phenyl]bulane, 1 ,3-bis[4-(4-aminophenoxy)phenyl]butane. 

1.4- bis[4-(4-amjnophenoxy)phenyl]butane, 2,2-bls[4-(4-aminQphenoxy)phenyl]butane. 2,3-bls[4-(4-aminophenoxy) 
phenyllbutane, 2-[4-(4-aminophenoxy)phenyl]-2-[4-(4-aminophenoxy)-3-methylphenyllpropane, 2.2-bisI4-(4-ami- 
nophenoxy)-3-methylphenyl]propane. 2-(4-(4-aminophenoxy)phenyll-2-I4-(4-aminophenoxy)-3.5-dimethylphenyl]pro- 

20 pane, 2,2-bls[4-(4-aminophenoxy)-3,5-dimethyIphenyl]propane. 2,2-bis[4-(4-aminophenoxy)phenyll-1 ,1 ,1 ,3,3,3-hex- 
afluoropropane, 1 ,3-bls(4-aminophenoxy)benzene, 1 ,4-bls(3-amlnophenoxy)benzene, 1 .4-bis(4-aminophenoxy)ben- 
zene, 4,4'-bls{3-amlnophenoxy)biphenyl, 4,4'-bis(4-amlnophenoxy)blphenyl, bis[4-(4'aminophenoxy) phenyl]ketone, 
bis[4-(4-aminophenoxy)phenyllsulfide, bls[4-(4-aminophenoxy)phenyl]sulfoxide. bis(4-{4-amlnophenoxy)phenyl]sul- 
fone, bjs[4-(3-aminophenoxy)phenyl ether, bis[4-(4-aminophenoxy) phenyljether, 1 ,3-bts[4-(4-amlnophenoxy)benzoylJ 

25 benzene, 1 ,3-bis[4-(3-aminophenoxy)benzoyllbenzene, 1 ,4-bis[4-(3-aminophenoxy)benzoyl]benzene, 4,4'-bis{3-ami- 
nophenoxy)benzoyl]benzene, 4,4*-bis(3-aminophenoxy)-3,3'-dlmethylbiphenyl. 4,4'-bis(3-aminophenoxy)-3,3',5,5'-te- 
tramethylblphenyl, 4,4'-bjs(3-amlnophenoxy)-3,3'.5,5'-tetrachlorobiphenyt, 4,4'-bls(3-aminophenoxy)-3,3',5,5*-tetrab- 
romobiphenyl, bis[4-(3-aminophenoxy)-3-methoxyphenyl]sulfide, [4-(3-aminophenoxy)phenyl](4-(3-aminophenoxy)- 

3.5- dlmethoxyphenyl]sulfide, bis[4-(3-amlnophenoxy)-3,5-dlmethoxyphenyl)sulfide, 1 ,1 -bis[4-(3-amlnophenoxy)phe- 
30 nyljpropane, 1,3-blsl4-(3-amlnophenoxy)phenyl]propane, 2,2-bis[4-(3-aminophenoxy)phenyl]propane, 2,2-bis 

[4-(3-aminophenoxy)phenylJ-1 ,1 ,1 ,3.3,3-hexafluoro propane, bist4-(3-aminophenoxy)phenylJketone. bis[4-(3-ami- 
nophenoxy)phenyl]sulfide, bis[4-(3-aminophenoxy)phenyl]sulfone and 1 ,3-bis(3-aminophenoxy)ben2ene. 
[0466] Examples of the diisocyanates include aliphatic diisocyanates, such as methylenediisocyanatG: ethylenedi- 
isocyanate, trimelhylenedilsocyanate. hexamethylenediisocyanale and butenedllsocyanate; and alicyclic or aromatic 

35 diisocyanates, sucfi as cyctohexane-1 ,2-diisocyanate and p-phenylenebis(isopropytisocyanate). 

[0487] The amphoteric electrolyte monomer is a combination of at least two functional groups which are reactable 
with each other and present in one compound, e.g., hydroxy acids and amino acids. Examples include gtycolic acid, 
diglycolic acid, lactic acid, 3-hydroxybutylic acid, p-hydroxybenzoic acid, m-hydroxybenzoic acid, p-hydroxymethylben- 
zoic acid, m-hydroxymethylbenzolc acid, p-(2-hydroxyethyl)benzoic acid and m-(2-hydroxyethyl)benzolc acid. 

40 [0488] Specific examples of the segment include segments derived from polyamide, polypeptide, polyurea, poly- 
Imide, polylmldazole, polyurethane, polyester, polycarbonate, polyamide, polysiloxane, polystyrene, polybutadiene, 
polyisoprene, a styrene/diene copolymer, polyacrylate or potyether. 

[0489] The segment preferably has bonding structures of monomer units which are symmetrical about the center 
of the monomer units, and is preferably derived from a polymer which contains an unsaturated hydrocarbon or a hetero 
45 atom and is obtained by a condensation reaction, an Ionic reaction or an addition reaction; a polymer which contains, 
In the monomer units, a hetero atom and an alicyclic or aromatic hydrocarbon and Is obtained by a condensation 
reaction, an ionic reaction or an addition reaction; or a polymer which is obtained by subjecting the amphoteric elec- 
trolyte monomer to a condensation reaction, an ionic reaction or an addition reaction. 

[0490] The segment has a weight-average molecular weight of. although not particularly limited to, preferably 1 00 
so to 1 ,000,000, more preferably 200 to 500,000, even more preferably 300 to 300,000. 

[0491] The segment F^ is ideally contained, based on the olefin block copolymer (A-3), In an amount of usually 0.01 
to 99.99 % by weight, preferably 0.01 to 99 % by weight, more preferably 0.1 to 95 % by weight, particularly preferably 
0.1 to 90 % by weight. 

[0492] The olefin block copolymer (A-3), which is represented by fonnula (III), has a melt flow rate of usually 0.01 to 
55 200 g/10min. preferably 0.05 to 100 g/IOmin, more preferably 0.05 to 80 g/10min. 

[0493] Examples of the olefin block copolymer (A-3) represented by formula (III) Include the following. 

[0494] A block copolymer wherein the segment PO^ is an ethylene/butene random copolymer segment (butene 

content: 10 mol%), the linkage g^ is an ester linkage and the segment F^ is composed of a copolymer of terephthalic 
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acid and ethylene glycol. 

[0495] A block copolymer wherein the segnnent PO^ is a propylene polymer segment, the linkage g^ Is an ester 
linkage and the segment is composed of a copolymer of succinic acid and ethylene glycol. 
[0496] A block copolymer wherein the segment PO^ is an ethylene/propylene/DMDT random copolymer segment 
5 (propylene content: 28 mol%. DMDT content: 3 mol%), the linkage g^ Is an ester linkage and the segment Is a nylon- 
66 segment. 

[0497] The above exemplary copolymers have the bonding structures of the monomer units which are symmetrical 
about the center of the monomer units. 

[0498] These copolymers characteristically form a hydrophobic domain and a hydrophilic domain in the same poly- 
10 mer. 

[0499] It is also preferable that the linkage g^ be an ether linkage, an ester linkage, an amide linkage, an imide linkage 
or a urethane linkage and that the segment F3 be a segment which contains in the monomer unite a hetero atom and 
an allcyclk: or aromatic ring. Examples of the segment containing an alicyclic or aromatic ring include the alicyclic 
dicarboxytic acids, the aromatic dicarboxylic acids, the alicyclic diols, the aromatic diols, the alicyclic diamines, the 
IS aromatic diamines, the alicyclic diisocyanates and the aromatic diisocyanates described above. 
[0500] Examples of the olefin block copolymer (A-3) include: 

a block copolymer wherein the segment PCP is an ethylene/butene copolymer segment (butene content: 10 mol%), 
the linkage g^ Is an ester linkage and the segment F^ Is a hydroxybenzoic acid polymer segment; 
20 a block copolymer wherein the segment PO^ is a propylene polymer segment, the linkage g^ is an ester linkage 

and the segment F^ is a hydroxycyclohexanecartDOxyllc acid polymer segment; and 

a block copolymer wherein the segment PO^ is an ethylene/octene copolymer segment (octene content: 10 mol%), 
the linkage g^ is an ether linkage and the segment F^ is a 5-hydroxybicycloheptanecarboxylic acid polymer seg- 
ment. 

25 

[0501] These copolymers characteristically form a hydrophobic domain and a hydrophilic domain in the same poly- 
mer. 

[0502] The olefin block copolymer (A-3) of formula (III) can be prepared, for example, by reacting a polyolefin having 
in the terminal position a functional group containing an oxygen, nitrogen, silicon or halogen atom with a polar polymer 
30 containing in the terminal position, preferably in the terminal position of one side a functional group which is reactable 
with the above functional group. The term functional group containing a halogen atom comprehends a halogen atom 

per se. 

[0503] The reaction Is preferably performed with the polyolefin and the polar polymer being molten or with at least 
a part of the polyolefin and/or at least a part of the polar polymer being dissolved in an organic solvent. The same 

35 organic solvent as used in preparation of the olefin block copolymer (A*2a) is used herein. 

[0504] The reaction is carried out usually at a temperature of 20 to 300*C under a pressure of 0.1 to 10 MPa. The 
weight ratio of the olefin polymer and the polar polymer for the reaction is usually 1:100 to 100:1, preferably 1 :10to 10:1. 
[0505] The polyolefin having in the terminal position a functional group containing an oxygen, nitrogen, silicon or 
halogen atom can be produced by, for example, substituting a polyolefin which links with a Group 13 element in the 

"fo terminal position with a functional group containing an oxygen, nitrogen, silicon or halogen atom. 

[0506] Examples of the functional group containing an oxygen atom include a halogenated carbonyi group, a carboxyl 
group, a hydroxyl group and an anhydride group. Examples of the functional group containing a nitrogen atom include 
an isocyanate group and an amino group. Examples of the functional group containing a silicone atom Include a sllanol 
group. 

[0507] The polyolefin which links with a Group 1 3 element in the terminal position can be produced, for example, by 
the same processes as to produce the olefin block copolymers (A-1 1 ) and (A-l 2), preferably by the same process as 
to produce the olefin block copolymer (A-11). 

[0508] The olefin block copolymer (A-3) wherein the linkage g^ is a urea linkage can be prepared, for example, by 
reacting a polyoleflin having an isocyanate group in the terminal position with a polar polymer having an amino group 

so in the terminal position, or by reacting a polyolefin having an amino group in the terminal position with a polar polymer 
having an Isocyanate group In the terminal position. The polyolefin having an isocyanate group in the temriinal position 
can be prepared by the same process as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is 
an Isocyanate group. The polyolefin having an amino group in the temilnal position can be prepared by the same 
process as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is an amino group. Examples of 

ss the polar polymer having an amino group in the temninal position Include polyamlde, polypeptide, polyurea, polyimide 
and polylmidazole. Examples of the polar polymer having an isocyanate group in the terminal position include poly- 
urethane and polyurea. These polar polymers may be the one obtained by subjecting a polar group-containing monomer 
to a condensation reaction, an Ionic reaction or an addition reaction; or by converting the end of a polar polymer which 
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does not have an amino group or an isocyanate group in the terminal position to an amino group or an isocyanate 
group by the same process as given above. 

[0509] The olefin block copolymer (A-3) wherein the linkage g^ is a silylether linkage can be prepared by reacting a 
polyolefin having a silanol group in the temriinal position with a polar polymer having a halogen in the tenminal position; 

5 or by reacting a polyolefin having a halogen in the lemfiinal position with a polar polymer having a silanol group In the 
terminal position. The polyolefin having a silanol group in the terminal position can be prepared by the same process 
as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is a silanol group. The polyolefin having a 
halogen in the terminal position can be prepared by the same process as to produce the olefin block copolymer (A- 
2a) wherein the polar group h^ is a halogen. Examples of the polar polymer having a halogen in the temriinal position 

10 include polyester, polycarbonate and polyamide. Examples of the polar polymer having a silanol group in the terminal 
position include polysiloxane. These polar polymers may be the one obtained by subjecting a polar group-containing 
monomer to a condensation reaction, an ionte reaction or an addition reaction; or by converting the end of a polar 
polymer which does not have a silanol group or a halogen In the terminal position, i.e., the polar group h^, to a silanol 
group or a halogen by the same process as to synthesize a silanol group or a halogen given above. 

15 [0510] The olefin block copolymer (A-3) wherein the linkage g^ is a carbonyl linkage can be prepared, for example, 
by reacting a polyolefin having a halogenaled carbonyl group in the terminal position with a polar polymer having a 
metal in the terminal position. The polyolefin having a halogepated carbonyl group in the terminal position can be 
prepared, for example, by converting the end of a polyolefin having a carboxyl group in the terminal position, which is 
prepared by the same process as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is a carboxyl 

20 group, to a hatogenated carbonyl group. Examples of the preferable method of converting the end of a polyolefin having 
a carboxyl group in the terminal position to a halogenated carbonyl group include a method where a carboxyl group is 
reacted with thionyl chloride. The polar polymer having a metal in the terminal position is preferably obtained by living 
polymerization. Examples of the preferred metal include lithium and magnesium. The living-polymerized polymer is 
preferably obtained by an ionic reaction or an addition reaction. Examples of the preferred living-polymerized polymer 

25 include polystyrene, polybutadiene, polyisoprene, styrene/diene copolymer, polyacrylate and polysiloxane. 

[0511] The olefin block copolymer (A-3) wherein the linkage g^ is an ether linkage can be prepared, for example, by 
reacting a polyolefin having a halogen in the terminal position with a polymer obtained as a result of the reaction of a 
polar polymer having a hydroxyl group in the temiinal position with such a hydrogenated metal as sodium halide. The 
polyolefin having a halogen in the terminal position can be prepared by the same process as to produce the olefin 

30 block copolymer (A-2a) wherein the polar group h^ is a halogen. Examples of the polar polymer having a hydroxyl 
group in the terminal position include poiyether, polyester and polyurethane. 

[0512] The olefin block copolymer (A-S) wherein the linkage g^ is an ester linkage can be prepared, for example, by 
reacting a polyolefin having a carboxyl group in the temriinal position with a polar polymer having a hydroxyl group In 
the terminal position; or by reacting a polyolefin having a hydroxyl group in the terminal position with a polar polymer 

35 having a carboxyl group in the terminal position. The polyolefin having a carboxyl group in the terminal position can 
be prepared by the same process as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is a 
carboxyl group. The polyolefin having a hydroxyl group in the terminal position can be prepared by the same process 
as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is a hydroxyl group. It is also possible to 
prepare the polyolefin having a hydroxyl group in the terminal position by adding a sodium hydroxide solution and a 

^ hydrogen peroxide solution to a polyolefin having boron bonded in the terminal position of one side, and allowing them 
to react with each other at 40 to SCC for 3 to 5 hours. Examples of the polar polymer having a hydroxyl group in the 
terminal position include poiyether, polyester and polyurethane. Examples of the polar polymer having a carboxyl group 
in the terminal position include polyester, polyamide. polypeptide and polyimldazole. 

[0513] The olefin block copolymer (A-3) wherein the linkage g^ is an amide linkage can be prepared, for example, 
45 by reacting a polyolefin having a carboxyl group in the terminal position with a polar polymer having an amino group 
In the terminal position; or by reacting a polyolefin having an amino group in the terminal position with a polar polymer 
having a carboxyl group in the tenminal position. The polyolefin having a carboxyl group in the tenminal position can 
be prepared by the same process as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is a 
carboxyl group. The polyolefin having an amino group in the tenminal position can be prepared by the same process 
50 as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is an amino group. Examples of the polar 
polymer having an amino group in the terminal position include the same ones as those given above. Examples of the 
polar polymer having a carboxyl group in the tenminal position include polyester, polyamide, polypeptide and polyiml- 
dazole. 

[0514] The olefin block copolymer (A-3) wherein the linkage g^ is an imide linkage can be prepared, for example, by 
55 reacting a polyolefin having an anhydride group in the tenminal position with a polar polymer having an amino group 
in the terminal position; or by reacting a polyolefin having an amino group in the tenminal position with a polar polymer 
having an anhydride group in the tenminal position. The polyolefin having an anhydride group in the tenminal position 
can be prepared by the same process as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is 
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an anhydride group. The polyolefin having an amino group in the terminal position can be prepared by the same process 
as to produce the olefin block copolymer (A-2a) wherein the polar group h^ is an amino group. Examples of the polar 
polymer having an amino group in the temiinal position include the same ones as previously described. Examples of 
the polar polymer having an anhydride group in the temnlnal position include potyimide. 

5 [0515] The olefin block copolymer (A-3) wherein the linkage g^ Is a urethane linkage can be prepared, for example, 
by reacting a polyoleftn having an isocyanate group in the terminal position with a polar polymer having a hydroxyl 
group in the terminal position; or by reacting a polyolefin having a hydroxyl group in the terminal position with a polar 
polymer having an isocyanate group in the terminal position. The polyolefin having an isocyanate group in the terminal 
position can be prepared by the same process as to produce the olefin block copolymer (A-2a) wherein the polar group 

10 h2 is an isocyanate group. The polyolefin having a hydroxyl group in the terminal position can be prepared by the same 
process as described above. Examples of the polar polymer having a hydroxyl group or an isocyanate group in the 
terminal position include the same ones as those given above. 



Olefin Block Copolymer (A-4) 

IS 

[0516] The olefin block copolymer (A-4) is represented by formula (IV): 

PO^-g^'f^-g^^-PO^^ (IV) 

20 

wherein PO^ and PO^^, which may be the same or different, have the same definition as that of P02 in formula 
(II), and g4 and g""^, which may be the same or different, have the same definition as that of g^ in fomnula (III). 
[0517] The linkage g^ and the linkage g^^ are formed by the reaction of a polyolefin having in the terminal position 
a functional group containing an oxygen, nitrogen, silicone or halogen atom with a polar polymer having a functional 
group in the temiinal position of both sides; and these linkages occasionally contain a part of the structure of the 
polyolefin or the polar polymer. 

[0518] In formula (IV), F"* denotes a segment composed of a hydrocarbon or a segment containing an unsaturated 
hydrocarbon or a hetero atom, which is a polar segment obtained as a result of a condensation reaction, an ionic 
reaction or an addition reaction. Specific examples of the polar segment include the same ones as given with respect 
^ to the segment of formula (III). 

[0519] Referring to the olefin block copolymer (A-4) of fomnula (IV), -g'^-F'^-g^^- may be derived from one compound 
and, in such a case, the segment F"* is composed of a hydrocartDon. 

[0520] Examples of -g^-F^-g^*- include those derived from diamine, diisocyanate, a dicartjoxylic acid or a dihydroxy 
compound. 

^ [0521] The segment F^ is desirably contained in an amount of usually 0,01 to 99.99 % by weight, preferably 0.01 to 
99 % by weight, more preferably 0.1 to 95 % by weight, particularty preferably 0.1 to 90 % by weight based on the 
olefin block copolymer (A-4). 

[0522] The olefin block copolymer (A-4) of fonnula (IV) ideally has a melt flow rate of usually 0.01 to 200 g/IOmin, 
preferably 0.05 to 100 g/10mln, more preferably 0,05 to 80 g/10min. 
^ [0523] Examples of the olefin block copolymer (A-4) include: 



a block copolymer wherein the segment PO* and the segment PO^^ are each composed of polyethylene, the 
linkage g^ and the linkage g^^ are each an ester linkage and the segment F^ is composed of polyethylene glycol; and 
a block copolymer wherein the segment PQ* and the segment PO^^ are each composed of polypropylene, the 
linkage g^ and the linkage g^'^ are each an ester linkage and the segment F^ is composed of nylon-66. 

[0524] These copolymers characteristically form a hydrophobic domain and a hydrophllic domain In the same poly- 
mer. 

[0525] The olefin block copolymer (A-4) of fonnula (tV) can be prepared, for example, by reacting a polyolefin having 
in the terminal position a functional group containing an oxygen, nitrogen, silicon or halogen atom with a polar polymer 
containing in the terminal position of both sides a functional group which is reactable with the above functional group 
or the halogen. The functional group containing a halogen atom comprehends a halogen atom perse. 
[0526] Examples of the polar polymer having a functional group in the terminal position of both sides Include ther- 
moplastic polyurethanes, epoxy resins, polyamides, polyesters and polyvinyl alcohols. 

[0527] The reaction is preferably performed with the polyolefin and the polar polymer being molten or with at least 
a part of the polyolefin and/or at least a part of the polar polymer being dissolved in an organic solvent. Examples of 
the organb solvent include the same ones as used in preparation of the olefin block copolymer (A-2a). 
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[0528] The reaction is carried out usually at a temperature of 20 to 300*^0 under a pressure of 0.1 to 10 MPa. The 
weight ratio of the polyolefin and the polar polymer for the reaction is usually 1:100 to 100:1, preferably 1:10 to 10:1. 

Olefin Block Copolymer (A-5) 

[0529] The olefin block copolymer (A-5) is represented by fomiula (V) : 



POB^-g^-F^ (V) 

wherein POB^ denotes a di-block segment (P02-f2.R2.) derived from the olefin block copolymer (A-2) of formula 
(II). and the linkage g^ is an ester linkage, an ether linkage, an amide linkage, an imide linkage, a urethane linkage, a 
urea linkage, a sllylether linkage or a carbonyl linkage. 

[0530] The linkage g^ Is formed as a result of the reaction of the olefin block copolymer (A-2) with a polar polymer 
having a functional group in the tenninal position; and occasionally contains a part of the structure of the olefin block 
copolymer (A-2) or the polar polymer. 

[0531] The segment of formula (V) is a polar segment containing an unsaturated hydrocarbon or a hetero atom, 
which is obtained by a condensation reaction, an ionic reaction or an addition reaction. Examples of the segment 
include the same ones as given with respect to the segment of formula (III). 

[0532] The segment F^ is ideally contained, based on the olefin block copolymer (A-5), in an amount of usually 0.01 
to 99.99 % by weight, preferably 0.01 to 99 % by weight, more preferably 0.1 to 95 % by weight, particularly preferably 
0.1 to 90 % by weight. 

[0533] The olefin block copolymer (A-5), which is represented by formula (V), has a melt flow rate of usually 0.01 to 
200 g/10min, preferably 0.05 to 100 g/IOmin. more preferably 0.05 to 80 g/IOmin. 
[0534] Examples of the olefin block copolymer (A-5) represented by formula (V) include: 



a block copolymer wherein the segment P02 is composed of an ethyl en e/butene random copolymer (butene con- 
tent: 30 mol%), the linkage f2 is an ether linkage, the segment R2 is composed of a methyl methacrylate polymer, 
the linkage g^ is an ester linkage and the segment F^ is composed of a random copolymer of terephthalic acid and 
^ ethylene glycol; and 

a block copolymer wherein the segment PO^ is composed of an ethylene/propylene/DMDT random copolymer 
(propylene content: 28 mol%, DMDT content 3 mol%), the linkage f^ is an ether linkage, the segment is com- 
posed of a styrene polymer, the linkage g^ is an ester linkage and the segment F^ is composed of nylon-6. 

^ [0535] These copolymers characteristically form a hydrophobic domain and a hydrophllic domain in the same poly- 
mer. 

[0536] The olefin block copolymer (A-5) of fonnula (V) can be prepared, for example, by reacting the olefin block 
copolymer (A-2) with a polar polymer having in the terminal position, preferably in the terminal position of one side a 
functional group which is reactable with the above terminal functional group (polar group h^) of the copolymer (A-2). 
[0537] The reaction is preferably perf ornied with the olefin block copolymer (A-2) and the polar polymer being molten 
or with at least a part of the olefin polymer and at least a part of the polar polymer being dissolved in an organic solvent. 
Examples of the organic solvent include the same ones as used in preparation of the olefin block copolymer (A-2a). 
[0538] The reaction is carried out usually at a temperature of 20 to 300°C under a pressure of 0.1 to 10 MPa. The 
weight ratio of the olefin block copolymer (A-2) and the polar polymer for the reaction is usually 1 : 1 00 to 1 00: 1 , preferably 
^ 1:10to10:1. 

[0539] The olefin block copolymer (A-5) wherein the linkage g^ is an ether linkage can be prepared, for example, by 
reacting the olefin block copolymer (A-2) wherein the polar group h^ is a halogen with a polymer obtained by the reaction 
of a polar polymer having a hydroxyl group In the terminal position with a hydrogenated metal, such as sodium hallde. 
Examples of the polar polymer having a hydroxyl group in the tenninal position include the same ones as those given 
^ above. 

[0540] The olefin block copolymer (A-5) wherein the linkage g^ is an ester linkage can be prepared, for example, by 
reacting the olefin block copolymer (A-2) wherein the polar group h^ is a carboxyl group with a polar polymer having 
a hydroxyl group in the terminal position; or by reacting the olefin block copolymer (A-2) wherein the polar group h^ is 
a hydroxyl group with a polar polymer having a carboxyl group in the tenninal position. Examples of the polar polymer 
^ having a hydroxyl group in the terminal position and those of the polar polymer having a carboxyl group in the tenninal 
position include the same ones as described above. 

[0541] The olefin block copolymer {A-5) wherein the linkage gS is an amide linkage can be prepared, for example, 
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by reacting the olefin block copolymer (A-2) wherein the polar group h^ is a carboxyl group with a polar polymer having 
an amino group in the terminal position: or by reacting the olefin block copolymer (A-2) wherein the polar group h^ is 
an amino group with a polar polymer having a carboxyl group in the terminal position. Examples of the polar polymer 
having an amino group in the tenminal position and those of the polar polymer having a carboxyl group in the temnlnal 
position include the same ones as described above. 

[0542] The olefin block copolymer (A-5) wherein the linkage gS is an imide linkage can be prepared, for example, by 
reacting the olefin block copolymer (A -2) wherein the polar group h^ is an anhydride group with a polar polymer having 
an amino group in the temiinal position; or by reacting the olefin block copolymer (A-2) wherein the polar group h^ is 
an amino group with a polar polymer having an anhydride group in the tenminal position. Examples of the polar polymer 
having an amino group in the tenninal position and those of the polar polymer having an anhydride group in the terminal 
position include the same ones as described above. 

[0543] The olefin block copolymer (A-5) wherein the linkage gS is a urethane linkage can be prepared, for example, 
by reacting the olefin block copolymer {A-2) wherein the polar group h^ is an isocyanate group with a polar polymer 
having a hydroxyl group in the tenninal position; or by reacting the olefin block copolymer (A-2) wherein the polar group 
h2 is a hydroxyl group with a polar polymer having an isocyanate group in the terminal position. Examples of the polar 
polymer having a hydroxyl group in the terminal position and those of the polar polymer having an isocyanate group 
in the terminal position include the same ones as described above. 

[0544] The olefin block copolymer (A-5) wherein the linkage gS is a urea linkage can be prepared, for example, by 
reacting the olefin block copolymer (A-2) wherein the polar group h^ is an isocyanate group with a polar polymer having 
an amino group in the terminal position; or by reacting the olefin block copolymer (A-2) wherein the polar group h^ is 
an amino group with a polar polymer having an isocyanate group in the terminal position. Examples of the polar polymer 
having an amino group in the temninal position and those of the polar polymer having an isocyanate group in the terminal 
position include the same ones as described above. 

[0545] The olefin block copolymer (A-5) wherein the linkage g^ is a silylether linkage can be prepared, for example, 
by r , cting the olefin block copolymer (A-2) wherein the polar group h^ is a silanol group with a polar polymer having 
a h, ^gen in the terminal position; or by reacting the olefin block copolymer (A-2) wherein the polar group h^ is a 
halcyon with a polar polymer having a silanol group in the terminal position. Examples of the polar polymer having a 
halogen in the terminal position and those of the polar polymer having a silanol group in the terminal position include 
the same ones as described above. 

[0546] The olefin block copolymer (A-5) wherein the linkage gs is a carbonyl linkage can be prepared, for example, 
by reacting a polymer, which is obtained by converting the olefin block copolymer (A-2) wherein the polar group h2 is 
a carboxyl group to halogenated carbonyl, with a polar polymer having a metal in the terminal position. Examples of 
the preferred process for converting the polymer Imparted with a carboxyl group in the terminal position to halogenated 
carbonyl include a reaction of the carboxyl group with ihionyl chloride. Examples of the polar polymer having a metal 
in the terminal position include the same ones as given above. 

Olefin Block Copolymer (A-6) 

[0547] The olefin block copolymer (A-6) is represented by fonnula (VI): 

POB®-g®-F®-g^®-POB^^ (VI) 

wherein FOBS and FOB^®, which may be the same or different, each independently denote a di-block segment 
(P02-f2-R2-) derived from the olefin block copolymer (A-2) of formula (II), and g^ and g^^ which may be the same or 
different, each independently denote an ester linkage, an ether linkage, an amide linkage, an imide linkage, a urethane 
linkage, a urea linkage, a silylether linkage or a carbonyl linkage. 

[0548] The linkages g6 and g^^ g^e fonned as a result of the reaction of the olefin block copolymer (A-2) with a polar 
polymer having a functional group in the tenninal position of both sides; and occasionally contain a part of the structure 
of the olefin block copolymer (A-2) or the polar polymer 

[0549] The segment F^ of fomriula (VI) is a polar segment which is composed of a hydrocarbon or which contains 
an unsaturated hydrocarbon or a hetero atom, and is obtained by a condensation reaction, an Ionic reaction or an 
addition reaction. Examples of the polar segment include the same ones as given with respect to the segment F^^ of 
formula (III). 

[0550] The segment F® Is Ideally contained, based on the olefin block copolymer (A-6), in an amount of usually 0.01 
to 99.99 % by weight, preferably 0.01 to 99 % by weight, more preferably 0.1 to 95 % by weight, particularly preferably 
0.1 to 90% by weight. 
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[0551] The olefin block copolymer (A-6). which is represented by formula (VI). has a melt flow rate of usually 0.01 
to 200 g/10min» preferably 0.05 to 100 g/IOmin. more preferably 0.05 to 80 g/IOmin. 

[0552] Examples of the olefin block copolymer (A-6) represented by fomnuia (VI) include a copolymer wherein the 
segment ROB® Is a di-block segment composed of a segment of ethylene/propylene random copolymer (propylene 
content: 20 mol%), an ether linkage and a segment of methyl methacrylate polymer; the linkages g® and g^® are each 
an ester linkage: the segment is a segment composed of a copolymer of an adipic acid and hexamethylenediamine; 
and the segment POB^^ is a di-block segment composed of a segment of ethylene/butene random copolymer (butene 
content: 10 mol%), an ether linkage and a segment of styrene copolymer 

[0553] Such a copolymer characteristically forms a hydrophobic segment and a hydrophilic segment in the same 
polymer. 

[0554] In the olefin block copolymer (A-6) represented by fonnula (VI), -ge-Fe-gis* may be derived from one com- 
pound and, in such a case, F is a segment composed of a hydrocarbon. 

[0555] Examples of -gS-F^-gis. include those derived from diamine, diisocyanate. a dicarboxylic acid or a dihydroxy 
compound. 

[0556] Examples of the olefin block copolymer (A-6) include a block copolymer wherein the segment PO^ regarded 
as the segment POB^ and the segment POB^s^ js composed of a propylene/ethylene copolymer (ethylene content: 5 
mol%). the linkage f^ is an ether linkage, the segment R2 is composed of a polyethylene glycol polymer and -g6-F®- 
gi6. js a segment derived from diisocyanate. 

[0557] The olefin block copolymer (A-6) represented by formula (VI) can be prepared, for example, by reacting the 
olefin block copolymer (A-2) with a polar polymer having in the terminal position of both sides a functional group which 
is reactable with the terminal functional group (polar group h2) of the copolymer (A-2). 

[0558] Examples of the polar polymer having in the temninal position of both sides a functional group which is reac- 
table with the terminal functional group of the olefin block copolymer (A-2) Include thermoplastic polyurethanes. epoxy 
resins, polyamides, polyesters and polyvinyl ak:ohols. 

[0559] The temninal functional group h^ of the olefin block copolymer (A-2) is reacted with the both ends of the polar 
polymer. The reaction is preferably perfonned with the olefin block copolymer (A-2) and the polar polymer being molten, 
or with at least a part of the olefin block copolymer (A-2) and/or at least a part of the polar polymer being dissolved in 
an organic solvent. Examples of the organic solvent Include the same ones as used in preparation of the olefin block 
copolymer (A-2a). 

[0560] The reaction is carried out usually at a temperature of 20 to SOO'^C under a pressure of 0.1 to 10 MPa. The 
weight ratio of the polar polymer and the olefin block copolymer (A-2) for the reaction is usually 1 : 1 00 to 1 00:1 . preferably 
1:10to 10:1. 

Olefin Block Copolymer (A- 7) 

[0561] The olefin block copolymer (A- 7) is represented by fomiula (VII): 

(POB^-g^-),-G^ (VII) 

wherein POB^, which may be the same or different, each independently denotes a di-block segment (P02-f2. 
R^-) derived from the olefin block copolymer (A-2) of fonnula (II) or a di-block segment (PO^-g^-F^-) derived from the 
olefin block copolymer (A-3) of formula (111), and 

the linkage g^, which may be the same or different, each independently denote an ester linkage, an ether linkage, 
an amide linkage, an imide linkage, a urethane linkage, a urea linkage, a silylether linkage or acarbonyl linkage. 
[0562] The linkage g^ is fomied as a result of the reaction of the olefin block copolymer (A-2) or the olefin block 
copolymer (A-3) with a polyfunction a I compound or a polyfunctional polymer; and occasionally contains a part of the 
structure of the olefin block copolymer (A-2). the olefin block copolymer (A-3). the polyfunctional compound or the 
polyfunctional polymer. 

[0563] The segment is a polyvalent group containing an unsaturated hydrocarbon or a hetero atom. Examples 
of such a group include groups derived from a polyfunctional compound and groups derived from a polyfunctional 
polymer. Examples of the polyfunctional compound and the polyfunctional polymer include the compounds and the 
polymers given below. 

[0564] Examples of the polyfunctional compound include amic acid, diacids, polyacids, monoethylenically unsatu- 
rated compounds, diols, polyols, polyoxyalkylene diols, polyoxyalkylene polyols, diamines, potyamines, polyfunctional 
isocyanates and acrylic polyfunctional compounds. 

[0565] Examples of potyamines and polythiots include aliphatic polyamines, such as hydrazine, ethylenediamine, 
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propytenediamine* 1 ,4-butaneciiamine. pentamethylenediamine. hexamethylenediamine. heptamethylenediamine, oc- 
ta- lethylenediamine, nonamethylenedlamine, decamethylenediamine, undecamethytenediamine, dodecamethylene- 
di t'oine, telradecamethytenediamine, hexadecamethylenedtamlne, l-amlno-2,2-bis(aminomethyl)butane, tetraami- 
nomethane, diethylenetriamineand iriethylenetetramine; alicyclic polyamines, such as norbornenediamlne, 1,4-diami- 
nocyclohexane, 1 ,3,5-iriaminocyclohexane and Isophoronedlamine; aromatic polyamines, such as phenylenediamlne, 
tolylenediamine and xylylenediamine; basic amino acids, such as lysine and ornithine, and esters thereof; polyamines 
which are composed of monoamino compounds linked to each other via a disulfide bond, such as cystamine and 
derivatives thereof: aliphatic polythiols, such as 1 ,2-ethanedithiol. 1 .3-propanedlthiol. 1 ,4-butanedithiol. 1,6-hexan- 
edithiol and pentaerythrithiol; alicyclic potyols, such as cyclohexanedithiol; aromatic polythiols, such as xylylenedithiol. 
benzenedithiol and toluenedithiol; and esters, such as trimethylolpropane tris(thiogtycolate). trimethylolpropane tris 
(3-mercaptopropionate), pentaerythritol tetrakis(thioglycolate) and pentaerythritol tetrakis(3-mercaptopropionate)pol- 
ythiol. 

[0566] Examples of the polyfu notional isocyanate compounds include diisocyanates, such as totylene diisocyanate 
(including various mixtures of isomers), diphenylmethane diisocyanates (including various mixtures of isomers], 3,3'- 
dimethyl-4,4'-biphenylene diisocyanate, 1 ,4-phenyiene diisocyanate, xylylene diisocyanate, tetramethylxylylene diiso- 
cyanate, naphthylene diisocyanate, dicyclohexylmethane-4,4*-diisocyanate. isophorone diisocyanate, hexamethylene 
diisocyanate. hydrogenated xydilene diisocyanate, 1 ,4-cyclohexyl diisocyanate, 1-methyl-2.4-diisocyanate-cyclohex- 
ane and 2,4,4-trimethyl-1,6-diisocyanate-hexane; triisocyanates, such as 4,4',4"-triphenylmethane triisocyanate and 
tris(4-phenylisocyanato)thiophosphate; urethanized isocyanates. isocyanurated isocyanates, carbodlimidated isocy- 
anates and biuretized isocyanates of the above isocyanates; crude totylene diisocyanate and polymethylene polyphenyl 
isocyanate. 

[0567] Examples of the acrylic polyfunction al compounds include 1 ,3-butyleneglycol diacrylate, 1 ,5-pentanediol di- 
acrylate, neopentylglycoi diacrylate, 1 ,6-hexanediol diacrylate, diethylenegtycol diacrylate, triethyleneglycol diacrylate, 
tetraethyleneglycol diacrylate, polyethyleneglycol diacrylate. polypropyleneglycol diacrylate, N,N'-methylene bisacry- 
lamide. pentaerythritol triacrylate, trimethylolpropane thacrylate, tetramethylolmethane tetraacrylate and 1 ,4-butane- 
diol diacrylate. 

[0568] Examples of the polyfu notional polymers include the polymers having plural functional groups in the terminal 
position and in the side chain. Specific examples include acrylic polymers, such as ethylene/vinyl acetate copolymer 
(EVA), ethylene/vinyl alcohol copolymer (EVOH), poty-N-vinyl acetamide and polyacrylamide; and amide polymers, 
such as poly-N-vinyl fomnamide. These polyfu nctional polymers have a molecular weight of usually 200 to 500.000, 
preferably 500 to 100,000. 

[0569] The letter i denotes an integer of 1 to 5, preferably 1 or 2. 
[0570] The letter k denotes an integer of 2 to 500, preferably 2 to 1 0. 

[0571] The olefin block copolymer (A-7) represented by formula (VII) desirably has a melt flow rate of usually 0.01 
to 200 g/IOmin, preferably 0.05 to 100 g/IOmin, more preferably 0.05 to 80 g/10min. 

[0572] Examples of the olefin block copolymer (A-7) represented by formula (VII) Include a block copolymer wherein 
the segment PO^ regarded as the segment POB^ is composed of an ethylene/butene random copolymer (butene 
content: 6 mol%), the linkage g^ is an amide linkage and the segment is composed of a polymer derived from an 
ethyleneArinyl alcohol random copolymer, which has such a structure that an ethylene/butene random copolymer is 
grafted in proportion to the alcohol content. 

[0573] The olefin block copolymer (A-7) of formula (VII) can be prepared, for example, by reacting at least one olefin 
block copolymer (A-2) and at least one olefin block copolymer (A-3) with the polyfunctional compound or the polyfunc- 
tional polymer; or by reacting at least two olefin block copolymers (A-2) with the polyfunctional compound or the poly- 
functional polymer; or by reacting at least two olefin block copolymers (A-3) with the polyfunctional compound or the 
polyfunctional polymer. 

[0574] The reaction is preferably performed with the olefin block copolymers and the polyfunctional compound or 
the polyfunctional polymer being molten, or with at least a part of the olefin block copolymers and/or at least a part of 
the polyfunctional compound or the polyfunctional polymer being dissolved in an organic solvent. Examples of the 
organic solvent include the same ones as used in preparation of the olefin block copolymer (A-2a). 
[0575] The reaction is carried out usually at a temperature of 20 to 300^C under a pressure of 0.1 to 10 MPa. The 
weight ratio of the olefin block copolymers and the polyfunctional compound or the polyfunctional polymer for the 
reaction is usually 1:100 to 100:1. preferably 1:10 to 10:1. 

(Uses) 

[0576] The olefin block copolymers (A-2) to (A-7) may be compounded with thermoplastic resins, fillers, nucleating 
agents and additives used for polymers at an arbitrary proportion, and may be subjected to post-modification, such as 
cross linking and foaming. 
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[0577] Examples of the thermoplastic resins include the above-noted crystalline thermoplastic resins, such as poly- 
olefins, polyamides, polyesters and polyacetals; and the above-noted non-crystalline thermoplastic resins, such as 
polystyrene, acrylonitrite/butadiene/styrene copolymer (ABS). polycarbonate, potyphenyleneoxide and polyacrylates. 
Polyvinyl chloride Is also used preferably. 

5 [0578] The thermoplastic resins can used either individually or in combination. 

[0579] The olefin block copolymers (A-2) lo (A-7) may contain, in addition to the Ihennoplastic resins, such additives 
as a crosslinking agent, a filler, a crosslinktng accelerator, a crosslinking assistant, a softener, a tacklfier, an anti-aging 
agent, a foaming agent, a processing assistant, an adhesion improver, an inorganic filler, an organic filler, a crystalline 
nucleating agent, a heat stabilizer, a weathering stabilizer, an antistatic agent, a colorant, a lubricant, a flame retardant 

10 and a blooming inhibitor. 

[0580] Examples of the crosslinking agent, the filler, the crosslinking accelerator, the crosslinking assistant, the sof- 
tener, the tacklfier, the anti-aging agent, the foaming agent, the processing assistant, the adhesion improver, the inor- 
ganic filler, the organic filler and the crystalline nucleating agent Include the same ones as described above. 

15 (Process for Producing Molded Articles) 

[0581 J The olefin block copolymers (A-2) to (A-7) can be produced into various molded articles, just as with the olefin 
block copolymer (A-1). by calendering, extrusion molding, injection molding, blow molding, press molding or stamping 
molding. 

20 [0582] The injection-molded articles comprising any one of the olefin block copolymers (A-2) to (A-7) hardly become 
charged and are excellent in rigidity, heat resistance, impact resistance, surface gloss, chemical resistance and abra- 
sion resistance. They can be used widely for trims for automobile interior, automobile exterior parts, housings of home 
electric appliances and containers. 

25 (Uses) 

[0583] The olefin block copolymers (A-2) to (A-7) can be used for various purposes. For example, they can have the 
same applications as those of the olefin block copolymer (A-1 ), such as films and sheets, laminates, modifiers, viscosity 
modifiers, moldability improvers, construction and civil engineering materials, automobile interior and exterior parts, 
30 gasoline tanks, electric and electronic parts, aqueous emulsion, coating bases, medical and sanitary products, mis- 
cellaneous products, modifiers for filler, compatibilizer. microcapsules, PTP packages, chemical valves and drug de- 
livery system. 

[0584] The olefin block copolymers (A-2) to (A-7) have an excellent affinity with both a polyolefin and a polar polymer 
because the copolymers comprise a polyolefin segment and a functional segment. 

35 

(Process for Producing Olefin Block Copolymer (A-8)) 

[0585] The process for producing the olefin block copolymer (A-8) will be now described. 

[0586] In the process for producing the olefin block copolymer (A-8), a polyolefin having a hydroxyl group in the 
terminal position is reacted with an organolithium compound or a organophosphorus compound to prepare a polyolefin 
having lithium or a phosphorus-containing group in the terminal position, and a (meth)acrylic ester is polymerized in 
the presence of the polyolefin having lithium or a phosphorus-containing group In the terminal position, thereby ob- 
taining a block copolymer comprising a polyolefin segment and a poly(meth)acrylic ester segment. 

^5 (Production of Polyolefin Having a Hydroxyl Group in the Terminal Position) 

[0587] The polyolefin having a hydroxyl group in the terminal position can be prepared, for example, by producing 
a terminal-modified polyolefin in the presence of an olefin polymerization catalyst, then conducting substitution of the 
end group of the terminal-modified polyolefin on a compound having a functional group-structure, and thereafter per- 

so forming solvolysis; or by performing solvolysis for the purpose of substitution of the end group of the terminal-modified 
polyolefin on a compound which has a structure forming a functional group, and thereafter performing solvolysis. 
[0588] The olefin polymerization catalyst used In preparing the temriinal-modified polyolefin will be first described. 
[0589] The olefin polymerization catalyst used in preparing the tenminal-modif led polyolefin may be any conventional 
and known catalyst Examples of the conventional and known catalysts include a magnesium-supported titanium cat- 

S5 alyst and a metallocene catalyst. 
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(Magnesium-Supported Titanium Catalyst) 

[0590] As an example, a polymerization catalyst comprising a solid titanium catalyst component (a) and an organo- 
metallic compound catalyst component (b) will be described. 
5 [0591] The solid titanium catalyst component (a), which fonns the olefin polymerization catalyst, can be prepared by 
bringing the magnesium compound, the titanium compound and the electron donor (EDI ) mentioned below into contact 
with each other. 

(Magnesium Compound) 

10 

[0592] Examples of the magnesium compound include magnesium compounds having reducing ability and magne- 
sium compounds having no reducing ability. 

[0593] Examples of the magnesium compounds having reducing ability include organomagnesium compounds rep- 
resented by the following fomnula: 

15 

XnM9R'%,„ 

wherein n is 0^n<2, Ri6 denotes hydrogen, an alkyl group, an aryl group or a cycloalkyl group where the number 
20 of the carbon atom ranges from 1 to 20. two R^®*s may be the same or different when n is 0, and X is a halogen. 

[0594] Specific examples of the organomagnesium compounds having reducing ability include alkyl magnesium 
compounds, such as dimethyl magnesium, diethyl magnesium, dipropyl magnesium, dibutyl magnesium, diamyl mag- 
nesium, dihexyl magnesium, didecyl magnesium, octyl butyl magnesium and ethyl butyl magnesium; alkyl magnesium 
halides, such as ethyl magnesium chloride, propyl magnesium chloride, butyl magnesium chloride, hexyl magnesium 
25 chloride and amyl magnesium chloride; alkyl magnesium alkoxide, such as butyl ethoxy magnesium, ethyl butoxy 
magnesium and octyl butoxy magnesium; butyl magnesium hydrides and hydrogenated magnesiums. 
[0595] Metallic magnesium is also employable. 

[0596] Specific examples of the magnesium compounds having no reducing ability include halogenated magnesiums, 
such as magnesium chloride, magnesium bromide, magnesium iodide and magnesium fluoride; alkoxy magnesium 

30 halides, such as methoxymagnesium chloride, ethoxymagnesium chloride, isopropoxymagnesium chloride, butoxy- 
magnesium chloride and octoxymagnesium chloride; allyloxymagnesium halides. such as phenoxymagnesium chloride 
and methylphenoxymagneslum chloride; dialkoxymagneslums, such as diethoxymagneslum, dlisopropoxymagnesi- 
um, dibutoxymagneslum, di-n -octoxymagnesium, di-2-ethylhexoxymagneslum and methoxyethoxymagneslum; dlally- 
ioxymagnesiums, such as diphenoxymagnesium, di-methylpenoxymagnesium and phenoxymethylphenoxymagnesi- 

35 um; and magnesium carboxylates, such as magnesium laurate and magnesium stearate. 

[0597] The magnesium compound having no reducing ability may be the compound derived from the magnesium 
compound having reducing ability or may be the compound derived at the time of preparing the catalyst component. 
The magnesium compound having no reducing ability can be derived from the magnesium compound having reducing 
ability by bringing the magnesium compound having reducing ability into contact with, for example, a polysiloxane 

40 compound, a halogen-containing silane compound, a halogen-containing aluminum compound, an ester-containing, 
alcohol-containing or halogen-containing compound or a compound having an OH group or an active cartoon-oxygen 
bond. 

[0598] The magnesium compound having reducing ability and the magnesium compound having no reducing ability 
may fomi a complex compound or a composite compound with other metal, such as aluminum, zinc, boron, beryllium, 
^ sodium or potassium, on may be a mixture with other metallic compound. The magnesium compounds may be used 
either individually or in combination. 

[0599] The solid magnesium compounds of the above magnesium compounds may be liquefied by use of an electron 
donor (E01). Examples of the electron donor (EDI) include oxygen-containing electron donors, such as alcohols, 
esters, ethers, phenols, ketones, aldehydes, cartooxyllc acids, organic acid halides, acid amides, acid anhydrides and 
50 alkoxysilanes; and nitrogen-containing electron donors, such as ammonias, amines, nitriles, pyridines and isocyanates. 
[0600] Specifically, examples of the alcohols include: 

alcohols having 1 to 18 cartaon atoms, such as methanol, ethanol, propanoic butanol, pentanol. hexanol, 2-ethyl- 
hexanol, octanol, dodecanol, octadecyl alcohol, oleyl ateohol, benzyl alcohol, phenylethyl alcohol, cumyl alcohol, 
55 isopropyl alcohol and isopropylbenzyl alcohol; 

halogen-containing alcohols having 1 to 18 carbon atoms, such as trichloromethanol, trichloroethanol and trichlo- 
rohexanol; and 

alkoxyalcohols, such as 2-propoxy ethanol. 2-butoxy ethanol, 2-ethoxy propanol, 3-ethoxy propanol, 1-methoxy 
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butanol, 2-methoxy butanol and 2-ethoxy butanol. 



10 



15 



20 



[0601] Examples of the esters include organic esters having 2 to 18 carbon atoms, such as methyl fomriate, methyl 
acetate, ethyl acetate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl butyrate, 
ethyl valerianate, chloromethyl acetate, dichloroethyl acetate, methyl methacrylate, ethyl crotonaie, ethyl cyclohex- 
anecarboxylate, methyl benzoate, ethyl benzoate, propyl benzoate. butyl benzoaie, octyl benzoate, cyclohexyl ben- 
zoate. phenyl benzoate. benzyl benzoate. methyl loluate. ethyl toluate. amyl toluate. ethyl ethyl benzoate, methyl an- 
isate, ethyl anisate, ethoxy ethyl benzoate. y-butyrolactone, 6-valerolactone. coumarin, phthalide and ethyl carbonate; 
metallic acid esters, such as titanate, vanadate, ntobate and zirconate; 

orthotitanic acid esters, such as methyl orthotitanate, ethyl orthotitanate, n-propyl orthotitanate, i-propyl orthoti- 
tanate, n-butyl orthotitanate, i-butyl orthotitanate, n-amyl orthotitanate. 2-ethylhexyl orthotitanate. n-octyl orthotitanate, 
phenyl orthotitanate and cyclohexyl orthotitanate; 

polytitanic acid esters, such as methyl polytitanate, ethyl polytitanate, n-propyl polytitanate, i-propyl polytitanate, 
n-butyl polytitanate, i-butyl polytitanate. n-amyl polytitanate, 2-ethylhexyl polytitanate. n-octyl polytitanate, phenyl po- 
lytitanate and cyclohexyl polytitanate; and 

vanadic acid ester, niobic acid ester and 7lrconic acid ester obtained by substituting the titanium of the titanate 
with vanadium, niobium or zirconium, respectively. 

[0602] Examples of the esters further include polyvalent carboxylic acid esters having the skeleton represented by 
any one of the following fonmulae: 



25 




R*- c - COOR^ 
H 



COOK'' 



or 



R^- C - OCOR3^ 
I 

c - OCOR* 
H 



wherein R" denotes a substituted or unsubstituted hydrocarbon group; R^, Rv and R^ each independently denote 
30 hydrogen or a substituted or unsubstituted hydrocarbon group; R^ and R^ each independently denote hydrogen or a 
substituted or unsubstituted hydrocarbon group, and at least one of the two is preferably a substituted or unsubstituted 
hydrocarbon group; R** and R* may linked to each other to fonn a cyclic structure; and when the hydrocarbon groups 
R" to Rz are substituted, the substltuent group contains a hetero atom, e.g., O or S, to form such a group as C-O-C, 
COOR. COOH, OH, SO3H, -C-N-C- or NHg. 
35 [0603] Specific examples of the polyvalent carboxylic acid esters include aliphatic polycarboxylates, alicyclic poly- 
carboxylates, aromatic polycarboxylates and heterocyclic polycarboxylates. 

[0604] Examples of the preferable polyvalent carboxylic acid esters represented by the above formulae include di- 
ethyl succinate, dibutyl succinate, diethyl methylsuccinate, diaryl methylsuccinate, diisobutyl a-methylglutarate, diiso- 
propyl p-methylglutarate, diisobutyl methylmalonate, dibutyl ethylmalonate, diethyl ethylmalonate, diethyl isopropyl- 
malonate, dibutyl isopropylmalonate, dibutyl butylmalonato, dibutyl phenylmalonate, diethyl diethylmalonate, dibutyl 
dibutylmalonate, diethyl dibutylmalonate: n-butyl maleate, dibutyl methylmaleate, dibutyl butylmaleate, di 2-ethylhexyl 
fumarate, di n-hexyl cyclohexenecarboxylate, diethyl nadiate, diisopropyi tetrahydrophthalate, diethyl phthalate. mo- 
noethyl phthalate. dipropyl phthalate, diisobutyl phthalate, diisopropyi phthalate, ethylisobutyl phthalate, di n-butyl 
phthalate, di n-heptyl phthalate. di n-octyl phthalate. di 2-ethylhexyl phthalate, di(2-methylpentyl) phthalate, di(3-meth- 

45 yipentyl) phthalate, di(4-methylpentyl) phthalate, dl(2,3-dlmethylbutyl) phthalate, di(3-methylhexyl) phthalate. di 
(4-methylhexyl) phthalate. di(5-methylhexyl) phthalate, di(3-ethylpentyl) phthalate, di(3,4-dimethylpentyl) phthalate, di 
(2,4-dimethylpentyl) phthalate. dl(2-methylhexyl) phthalate. di(2-methyloctyl) phthalate. didecyl phthalate, diphenyl 
phthalate and mixtures of these phthalic acid diesters; and 

diethyl naphthalenedicarboxylate, dibutyl naphthalenedicarboxylate. triethyl trimellitate, tributyl trimellltate, dib- 

so utyl 3,4-furandicarboxylate, diethyl adipate. dibutyl adipate, dioctyl sebacate and dibutyl sebacate. 

[0605] Examples of the particularly preferred esters include n-butyl maleate, diisobutyl methylmalonate, di n-hexyl 
cyclohexenecarboxylate. diethyl nadiate, diisopropyi tetrahydrophthalate, diethyl phthalate, diisobutyl phthalate. di n- 
butyl phthalate. di 2-ethylhexyl phthalate and dibutyl 3,4-furandicarboxylate. 

[0606] Examples of the ethers Include those having 2 to 20 carbon atoms, such as methyl ether, ethyl ether, isopropyl 
55 ether, butyl ether, amyl ether, tetrahydrofuran, anisole and diphenyl ether 

[0607] Examples of the ethers further include the compounds having at least two ether linkages which are present 
via plural atoms (such compounds will sometimes be referred to as "polyether compound(s)" hereinafter). Examples 
of the polyether compounds include the compounds wherein the atoms existing between the ether linkages are carbon, 
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silicon, oxygen, nitrogen, phosphorus, boron, sulfur or at least two of them. Of such compounds, preferable are the 
compounds wherein a relatively bulky substituent group is bonded to the atom existing between the ether linkages and 
further wherein the atoms present between the 2 or more ether linkages include plural carbon atoms. For example, 
the polyether represented by the following formula can be mentioned: 



I 

C - O 
I 

d23 



I 

c 



>2n 



I 

c - 

I 



24 



o - 



R 

I 

C 



R 



26 



;25 



wherein n is an integer of 2<n<10. to R26 each independently denote a substituent group having at least one 
elc 'nent selected from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon; arbitrary 
groups of to R26, preferably of R^ to R2o may form in association a ring other than a benzene ring; and the main 
chain may contain atoms other than carbon. 

[0608] Specific examples of the polyether compounds include 2-(2-ethylhexyI)-1 ,3-dimethoxypropane, 2-isopropyl- 
1,3-dimethoxypropane, 2-bulyl-1 ,3-dimethoxypropane, 2-s-butyl-1 ,3-dimethoxypropane, 2-cyclohexyl-1 ,3-dimethoxy- 
propane, 2-phenyM ,3-dimelhoxypropane, 2-cumyl-1 ,3-dimethoxypropane, 2-(2-phenylethyl)-1 ,3-dimethoxypropane. 
2-(2-cyclohexylethyl)-1.3-dimethoxypropane, 2-(p-chlorophenyl)-1 .3-dimethoxypropane, 2-(diphenylmethyl)- 
1 ,3-dimethoxypropane, 2-(1 -naphthyl)-1 ,3-dimethoxypropane, 2-(2-fluorophenyl)-1 ,3-dlmethoxypropane,2-(1-decahy- 
dronaphthyl)-1 ,3-dimethoxypropane, 2-(p-tert-butylphenyl)-1 ,3-dimethoxypropane, 2,2-dlcyclohexyl-1 ,3-dimethoxy- 
propane, 2,2-diethyl-1 ,3-dimethoxypropane, 2,2-dipropyl-1 ,3-dimethoxypropane, 2,2-dibulyl-1 ,3-dimethoxypropane, 
2-methyl-2-propyl-1 ,3-dimethoxypropane, 2-methyl-2-benzyl-1,3-dimethoxypropane, 2-methyl-2-ethyl-1 ,3-dimethoxy- 
propane. 2-methyl-2-isopropyl-1 ,3-dimethoxypropane. 2-methyl-2-phenyl-1 ,3-dlmethoxypropane, 2-methyl-2-cy- 
clohexyl-1,3-dimethoxypropane, 2,2-bis(p-chlorophenyl)-l,3-dimethoxypropane, 2,2-bis(2-cyclohexylethyl)- 
1 ,3-dimethoxypropane, 2-methyl-2-isobutyl-1 ,3-dimethoxypropane, 2-methyl-2-(2-ethylhexyl)-l ,3-dimethoxypropane, 
2,2-diisobutyl-1 ,3-dimethoxypropane, 2,2-dlphenyl-1 ,3-dimethoxypropane, 2,2-diben2yl-1 ,3-dimethoxypropane, 

2.2- bis(cyclohexylmethyl)-1 ,3-dlmethoxypropane, 2,2-dfisobutyl-1 ,3-diethoxypropane, 2,2-dilsobutyl-1 ,3-dlbutoxypro- 
pane, 2-isobutyl-2-isopropyl-1 ,3-dimethoxypropane, 2,2-di-s-butyl-1 ,3-dlmethoxypropane, 2,2-di-tert-butyl- 

1 .3- dimelhoxypropane, 2,2-dineopenlyl-1 ,3-dimelhoxypropane, 2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane, 
2-phenyl-2-benzyl-1,3-dlmethoxypropane. 2-cyclohexyl-2-cyclohexylmethyl-1 ,3-dimethoxypropane, 2,3-diphenyl- 

1 .4- diethoxybutane, 2,3-dicyclohexyl-1 .4-dlethoxybutane, 2.2-dibenzyl-1 ,4-diethoxybutane, 2.3-dicyclohexyl-1 ,4-dl- 
ethoxybutane. 2.3-diisopropyl-1.4-diethoxybutane, 2,2-bis(p-methylphenyl)-1 .4-dimethoxybutane, 2,3-bis(p-chloroph- 
enyl)-1 ,4-dimethoxybutane, 2,3-bis(p-fluorophenyl)-1 ,4-dimethoxybutane, 2,4-diphenyl-1 ,5-dimethoxypentane, 

2.5- diphenyl-1 ,5-dimethoxyhexane, 2,4-diisopropyl-1 ,5-dimethoxypentane, 2,4-diisobutyl-1 ,6-dimethoxypentane, 
2,4-diisoamyl-1 ,5-dimethoxypentane, 3-methoxymethyltetrahydfofuran, 3-methoxymethyldioxane, 1 ,2-dii60butoxy- 
propane, 1 ,2-ditsobutoxyethane, 1 ,3-diisoamyloxyethane, 1 ,3-diisoamyloxypropane, 1 ,3-diisoneopentyloxyethane. 
1 ,3-dineopentyloxypropane, 2,2-tetramethylene-1 ,3-dimethoxypropane, 2.2-pentamethylene-1 ,3-dimethoxypropane, 

2.2- hexamethylene-1 ,3-dimethoxypropane, 1 ,2-bis(methoxymethyl)cyclohexane, 2.8-dioxaspiro[5.5] undecane, 
3,7-dioxablcyclo[3,3,1lnonflne, 3,7-dioxabicyclo[3,3,0]octane, 3,3-diisobutyl-1 ,5-oxononane, 6,6-diisobutyldioxyhep- 
tane. 1,1-dimethoxymethylcyclopentane,1 .1-bis(dimethoxymethyl)cyclohexane. 1.1-bis(methoxymethyl)blcyclo[2.2,1] 
heptane, 1 ,1 -dimethoxymethylcyclopentane, 2-methyl-2-methoxymethyl-1 ,3-dimethoxypropane, 2-cyclohexyl- 
2-ethoxymethyl-1.3-diethoxypropane. 2-cyclohexyl-2-methoxymethyl-1.3-dimethoxypropane. 2,2-diisobutyl- 

1 .3- dimethoxycyclohexane. 2-isopropyl-2-lsoamyl-1 ,3-dimethoxycyclohexane. 2-cyclohexyl-2-methoxymethyl- 
1 ,3-dimethoxycyclohexane. 2-isopropyl-2-methoxymethyl-1 ,3-dimelhoxycyclohexane, 2-lsobutyl-2-methoxymethyl- 
1 .3-dimethoxycyclohexane, 2-cyclohexyl-2-ethoxymethyl-1 .3-diethoxycyclohexane, 2-cycloh exy I -2-ethoxy methyl - 
1,3-dimethoxycyclohexane, 2-isopropyl-2-ethoxymethyl-1 , 3-diethoxycyclohexane, 2-isopropyl-2-ethoxymethyl- 
1 ,3-dimethoxycyclohexane. 2-isobutyl-2-ethoxymethyl-1 ,3-diethoxycyclohexane and 2-isobutyl-2-ethoxymethyl- 
1 ,3-dimethoxycyclohexane. 

[0609] Examples of the polyethers include tris(p-methoxyphenyl)phosphine, methylphenyl bis{methoxymethyl)si- 
lane, diphenyl bis(methoxymethyl)sllane, methylcyclohexyl bls(methoxymethyl)silane, di-tert-butyl bis(methoxymethyl) 
sllane, cyclohexyl-tert-butyl bis(methoxymethyl)silane and i-propyl-tert-butyl bis{methoxymethyl)sllane. 
[0610] Of the polyether compounds, 1 ,3-diethers are preferable, and particularly 2,2-dilsobutyl-1 .3-dimethoxypro- 
pane. 2-lsopropyt-2-isopentyl-1 ,3-dlmethoxypropane. 2,2-dicyclohexyl-1 ,3-dimethoxypropane, 2,2-bts(cyclohexylme- 
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thyl)1 ,3*dimethoxypropane, 2-isopropyl-2-cyclohexyl-1 .3-dimethoxypropane. 2-isopropyl-2-S'butyl-1 .3-dimethoxypro- 
pane. 2.2-diphenyl-1.3-dimethoxypropane and 2-isopropyl-2-cyclopentyM,3-dimethoxypropane are preferred. 
[0611] Examples of the phenols include those of 6 to 20 carbon atoms which may have a lower alkyi group, such as 
phenol, cresol, xylenol, ethylphenot, propylphenot, nonylphenol, cumylphenol and naphthol. 

[0612] Examples of the ketones include those having 3 to 15 carbon atoms, such as acetone, methyl ethyl ketone, 
methyl isobutyl ketone, acetophenone, benzophenone and ben^oquinone. 

[0613] Examples of the aldehydes include those having 2 to 15 carbon atoms, such as acetaldehyde, propionalde- 
Hyde, octyl aldehyde, benzaldehyde. trialdehyde and naphthaaldehyde. 

[061 4] Examples of the organic acid halides include acid halides having 2 to 1 5 carbon atoms, such as acetyl chloride, 
benzoyl chloride, toluic acid chloride and anisic acid chloride. 

[0615] Examples of the acid amides include N.N-dimethylacetamide, N,N-diethylbenzamide and N,N-dimethyltolu- 
amide. 

[0616] Examples of the acid anhydrides include acetic anhydride, phthalic anhydride and benzoic anhydride. 
[0617] Examples of the amines include trimethytamine, triethylamine, tributylamine, tribenzylamine and tetrameth- 

ylethylenediamine. 

[0618] Examples of the pyridines include pyridine, methylpyridine, ethylpyridine and dimethylpyridine. 
[0619] These electron donors (ED1 ) may be used either individually or in combination. 

[0620] Of these, the alcohols, the alkoxyalcohols and the metallic acid esters are particularly preferably employed. 
Solubilization of a solid magnesium compound by use of the electron donor (EDI) is typically made by the method 
where a solid magnesium compound is brought into contact with the electron donor (EDI ) and, according to necessity, 
heated. The contact temperature ranges from 0 to 200**C, preferably from 20 to 180'C, more preferably from 50 to 
150''C. 

[0621] A hydrocarbon solvent or the like may coexist in the solubilization. 

[0622] Examples of the hydrocarbon solvent include aliphatic hydrocarbons, such as pentane, hexane, heptane, 
octane, decane, dodecane, tetradecane and kerosene; alicycllc hydrocarbons, such as cydopentane, methylcyclopen- 
tane. cyclohexane, methylcyciohexane, cyclooctane and cyclohexene; aromatic hydrocarbons, such as benzene, tol- 
uene and xylene; and halogenated hydrocarbons, such as dichloroethane, dichloropropane, trichloroethylene, chlo- 
robenzene and 2,4-dtchlorotoluene. 

[0623] Although many magnesium compounds other than the above-noted ones can be used as the magnesium 
compound in preparing the solid titanium catalyst component (a), the magnesium compound preferably exists in the 
form of a halogen-containing magnesium compound in the final solid titanium catalyst component (a). Therefore, when 
the magnesium compound containing no halogen is used, it is preferably brought into contact with a halogen-containing 
compound in the course of preparation. 

[0624] In particular, a magnesium compound having no reducing ability is preferably contained, especially a halogen- 
containing magnesium compound is preferably contained, and more especially magnesium chloride, alkoxy magnesi- 
um chloride and aryloxy magnesium chloride are preferably contained. 

(Titanium Compound) 

[0625] Tetravalent titanium compounds are preferably used as the titanium compound. Examples of the tetravalent 
titanium compound include the compounds represented by the following formula: 

Ti(OR'^)g)X4.g 

wherein R^^ is a hydrocarbon group, X Is a halogen atom and 0<g<4. Specific examples of such compounds 
include 

tetrahalogenated titaniums, such as TICU, TiBr4 and Ti^; 

trihalogenated alkoxytitaniums, such as Ti(OCH3)Cl3, Ti(OC2H5)Cl3, Ti(0 n-C4H9)Cl3, Ti(OC2H5)Br3 and Ti (O- 
iso-C4H9)Br3; 

dihalogenated dialkoxytitaniums, such as Ti(OCH3)2Cl2. Ti(OC2H5)2Cl2, Tl(0 n-C4H9)2Cl2 and Ti(OC2H5)2Br2; 
monohalogenated trialkoxytitaniums, such as Tl(OCH3)3CI, Ti(OC2H5)3CI, Ti(0 n-C4H9)3CI and Tl(OC2H5)3Br; 

and 

tetraalkoxytltaniums. such as Ti(OCH3)4, Tl(OC2H5)4, Ti(0 n-C4H9)4, T1(0 iso-C4H9)4 and Ti(0 2-ethylhexyl)4. 
[0626] Of these, tetrahalogenated titaniums are preferred, and titanium tetrachlorides are partrculariy preferred. The 
titanium compounds may be used either individually or in combination. The titanium compound may be used together 
with an aromatic hydrocarbon, or may be diluted with a hydrocarbon or a halogenated hydrocarbon for use. 
[0627] The solid titanium catalyst component (a) is formed by bringing the magnesium compound into contact with 
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the titanium compound and, according to necessity, with an electron donor (ED2). 
(Electron Donor (ED2)) 

5 [0628] The electron donor (ED2) is preferably used In preparing the solid titanium catalyst component (a). Examples 
of the electron donor (ED2) include such acid halides, acid amides, nilriles, acid anhydrides, organic esters and poly- 
ethers as given below. 

[0629] Specific examples include acid halides of 2 to 15 carbon atoms, such as acetyl chloride, benzoyl chloride, 
toluic chloride and anisic chloride; acid amides, such as N,N-dimethylacetamide, N.N-diethylbenzamide and N,N- 
10 dimethyltoluamide; nrtriles, such as acetonrtrile, benzonitrile and trinitrile; acid anhydrides, such as acetic anhydride, 
phthalic anhydride and benzoic anhydride; and organic esters of 2 to 1 8 carbon atoms, such as methyl formate, methyl 
acetate, ethyl acetate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl butyrate, 
ethyl valerianate, methyl chloroacetate. ethyl dichloroacetate, methyl methacrylate, ethyl crotonate, ethyl cyclohex- 
anecarboxylate. methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl ben- 
's zoate, phenyl benzoate. benzyl benzoate, methyl toluylate, ethyl toluylate, amyl toluylate. ethyl ethylbenzoate, methyl 
anisate, ethyl anisate, ethyl ethbxybenzoate, ybutyro lactone, 8-valerolactone, coumarin, phthalide and ethyl carbon- 
ate. 

[0630] Examples of the preferable organic esters include the polyvalent carboxylic acid esters described above. 
[0631] Phthalic acid diesters are preferably used as the polyvalent carboxylic acid ester 
20 [0632] Examples of the electron donor (ED2) further include the above polyethers. 

[0633] Examples of the polyethers include 2,2-diisobutyl-1 ,3-dimethoxy propane, 2-isopropyl-2-isobutyl-1 ,3-dimeth- 
oxy propane, 2-isopropyl-2-isopentyl-1 ,3-dimethoxy propane. 2,2-dicyclohexyl-1 ,3-dimethoxy propane and 2:2-bis(cy- 
clohexylmethyl)-1 ,3-dimethoxy propane. 

[0634] Organic esters and polyethers are preferred as the electron donor (ED2), and aromatic diesters and polyethers 
25 are more preferably employed. The electron donor (ED2) may be used in combination of 2 or more types. The electron 
donors above noted are to be contained in the final solid titanium catalyst component (a). Therefore, the very compound 
described above is not compulsorily used, and other compound which can form the compound in the course of preparing 
the solid titanium catalyst component (a) may be employed. In such a case also, other compounds may be used in 
combination to form 2 or more electron donors (ED2). 
30 [0635] These electron donors (ED2) may be used either Individually or In combination. 

(Particle Carrier) 

[0636] The particle carrier shown below may be used in bringing the titanium compound, the magnesium compound 
35 and according to necessity the electron donor (ED2) into their contact, thereby preparing the carrier-supported solid 
titanium catalyst component (a). 

[0637] Examples of the carrier include inorganic carriers, such as AI2O3, Si02, B2O3, MgO, CaO. Ti02, ZnO, Zn20, 
Sn02, BaO and ThO, and organic carriers, such as styrene/divinylbenzene copolymer. Of these, Si02, AI2O3, MgO, 
ZnO and Zn20 are preferable. 

[0638] The above components may be brought into contact in the presence of a reagent, such as silicon, phosphorus 
or aluminum. 

(Preparation of Solid Titanium Catalyst Component (a)) 

45 [0639] The solid titanium catalyst component (a) may be prepared by bringing the titanium compound, the magnesium 
compound and according to necessity the electron donor (ED2] into contact, and may be produced by any conventional 
and known method. 

[0640] Several exemplary methods for preparing the solid titanium catalyst component (a) will be briefly described 
below. 

50 

(1 ) A method wherein a solution containing the magnesium compound, the electron donor (ED2) and a hydrocartDon 
solvent is put in contact with an organoaluminum compound and reacted therewith to thereby precipitate the solid 
and thereafter, or while precipitating the solid, the solution is put in contact with the titanium compound and reacted 
therewith. 

S5 (2) A method wherein a complex comprising the magnesium compound and the electron donor (ED2) is brought 

Into contact with an organoaluminum compound to react therewith, and thereafter the complex is put in contact 
with the titanium compound and reacted therewith. 

(3) A method wherein the reactant of contact of an inorganic carrier and an organoaluminum compound is put in 
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contact with the titanium compound and preferably with the electron donor (ED2) and reacted therewith. In this 
case, the reactant of contact may have been put in pre-contact with a halogen-containing compound and/or an 
organoaluminum compound and reacted therewith. 

(4) A method wherein a magnesium-compound-supported inorganic or organic carrier is obtained from a mixture 
5 of a solution containing the magnesium compound, the electron donor (ED2) and, depending on the case, a hy- 
drocarbon solvent, and an inorganic or organic carrier; and the organic or inorganic carrier is brought into contact 
with the titanium compound. 

(5) A method wherein a solution containing the magnesium compound, the titanium compound, the electron donor 
(ED2) and, depending on the case, a hydrocarbon solvent is brought into contact with an inorganic or organic 

10 carrier to thereby obtain a magnesium and titanium-supported solid titanium catalyst component. 

(6) A method wherein a liquid organomagnesium compound is put in contact with a halogen-containing titanium 
compound and reacted therewith. 

(7) A method wherein a liquid organomagnesium compound is put in contact with a halogen-containing compound 
and reacted therewith, and thereafter further put in contact with the titanium compound. 

15 (8) A method wherein an alkoxy group-containing magnesium compound is put in contact with a halogen-containing 

titanium compound and reacted therewith. 

(9) A method wherein a complex comprising an alkoxy group-containing magnesium compound and the electron 
donor (ED2) is put in contact with the titanium compound and reacted therewith. 

(1 0) A method wherein a complex comprising an alkoxy group-containing magnesium compound and the electron 
20 donor (ED2) is put in contact with an organoaluminum compound and thereafter further put in contact with the 

titanium compound and reacted therewith. 

(11) A method wherein the magnesium compound, the electron donor (ED2) and the titanium compound are put 
In their contact In an artDitrary order and reacted with each other in order. In this method, the components may 
have been pretreated with the electron donor (ED2) and/or a reaction auxiliary, such as an organoaluminum com- 

25 pound or a halogen-containing silicon compound. 

(1 2) A method wherein the liquid magnesium compound having no reducing ability is reacted with the liquid titanium 
compound preferably in the presence of the electron donor (ED2) to thereby precipitate a solid magnesium/titanium 
complex. 

(13) A method wherein the reaction product obtained in (12) is further reacted with the titanium compound. 

30 (1 4) A method wherein the reaction product obtained in (1 1 ) or (1 2) is further reacted with the electron donor (ED2) 

and with the titanium compound. 

(15) A method wherein solid matters obtained by finely dividing the magnesium compound, and preferably the 
electron donor (ED2) and the titanium compound are treated with a halogen, a halogen compound or an aromatic 
hydrocarbon. This method may comprise a step of finely dividing the magnesium compound alone, or a complex 

35 compound containing the magnesium compound and the electron donor (ED2), or the magnesium compound and 

the titanium compound. The finely divided solid matters may be pretreated with a reaction auxiliary and thereafter 
treated with a halogen or the like. Examples of the reaction auxiliary include an organoaluminum compound and 
a halogen-containing silicon compound. 

(16) A method wherein the magnesium compound is finely divided and thereafter put in contact with the titanium 
40 compound and reacted therewith. In this case, the electron donor (ED2) and a reaction auxiliary are preferably 

used In the pulverizing and/or the contact and the reaction. 

(17) The compound obtained in any one of (11) to (16) is treated with a halogen, a halogen compound or an 
aromatic hydrocarbon. 

(1 8) A method wherein the reactant of contact of a metallic oxide, an organomagnesium compound and a halogen- 
45 containing compound is put in contact with preferably the electron donor (ED2) and the titanium compound. 

(19) A method wherein a magnesium compound, such as a magnesium salt of organic acid, alkoxymagnesium or 
aryloxymagneslum. Is reacted with the titanium compound and/or a halogen-containing hydrocarbon and preferably 
with the electron donor (ED2). 

(20) A method wherein a hydrocarbon solvent containing at least the magnesium compound and alkoxytitanium 
50 is put in contact with the titanium compound and/or the electron donor (ED2). In this case, a halogen-containing 

compound, such as a halogen-containing silicon compound, is preferably allowed to coexist. 

(21) A method wherein the liquid magnesium compound having no reducing ability Is reacted with an organoalu- 
minum compound to thereby precipitate a solid magnesium/metal (aluminum) complex, and thereafter the complex 
Is reacted with the electron donor (ED2) and with the titanium compound. 



55 



[0641] The amounts of the above components In preparing the solid titanium catalyst component (a) are variable 
depending on the method of preparation and can not be categorically determined. For example, the titanium compound 
is used in an amount of 0.01 to 1 000 mol, preferably 0.1 to 200 mol based on 1 mol of the magnesium compound. The 
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electron donor (ED2), which is employed according to necessity, is used in an amount of 0.01 to 5 mol, preferably 0.1 
to 1 mol based on 1 mol of the magnesium compound. 

[0642] The solid titanium catalyst component (a) thus obtained contains magnesium, titanium and a halogen. 
[0643] With respect to the solid titanium catalyst component (a), it is desirable that the halogen/titanium atomic ratio 
5 be about 2 to 200. preferably about 4 to 100, the electron donor/iitanium molar ratio be about 0.01 to 100, preferably 
about 0.2 to 1 0. and the magnesium/titanium atomic ratio be about 1 to 100, preferably about 2 to 50. 

(Organometallic Compound Catalyst Component (b)) 

10 [0644] The organometallic compound catalyst component (b) preferably contains a metal selected from Group 13 
of the Periodic Table. Particularly, organoaluminum compounds, organoboron compounds and alkyi complex com- 
pounds of a Group 1 element and aluminum or boron are preferable. 

[0645] Examples of the organoaluminum compounds, the organoboron compounds and the alkyI complex com- 
pounds of a Group 1 element and aluminum or boron include the organoaluminum compounds, the organoboron com- 
15 pounds and the alkyI complex compounds of a Group 1 element of the Periodic Table and aluminum or boron exemplified 
with respect to the organometallic catalyst component. 

(Electron Donor (ED3)) 

20 [0646] The olefin polymerization catalyst may contain the electron donor (ED2) and/or the electron donor (EDS) 
shown below in addition to the solid titanium catalyst component (a) and the organometallic compound catalyst com- 
ponent (b). 

[0647] Examples of the electron donor (EDS) include organosilicon compounds represented by the following fonmula: 

R''nSi(OR^^)4.„ 

wherein R^^ and R**^ are each a hydrocarbon group and 0<n<4. 
[0646] Specific examples include trimethylmethoxysilane, trimethylethoxysilane, dimethyldlmethoxysilane, dimeth- 

30 yidiethoxysilane, diisopropyldimethoxysilane. tert-butylmethyldimethoxysilane. tert-butylmethyldiethoxysilane, tert- 
amylmethyldiethoxysilane, diphenyldimethoxysilane, phenyimethyldimethoxysllane. diphenyldlethoxysilane. bis o- 
tolyldlmethoxysllane, bis m-tolyldlmethoxysllane, bis p-tolyldimethoxysilane, bis p-tolyldiethoxysHane, bis ethylphe- 
nyldimethoxysilane, dicyclohexyldlmethoxysllane, cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane, 
ethyltrimethoxysilane, ethyllriethoxysilane, vinyltrimethoxysllane, methyltrimethoxysilane, n-propyllriethoxysllane, de- 

35 cyltrimethoxysilane, decyltriethoxysilane, phenyltrimethoxysilane, y-chloropropyltrimethoxysilane, methyltriethoxysi- 
lane, ethyltriethoxysilane, vinyltriethoxysilane, tert-butyltriethoxysilane, n-butyltriethoxysilane, iso-butyltriethoxysilane, 
phenyltriethoxysilane. T^aminopropyltriethoxysilane, chlorotriethoxysilane, ethyltriisopropoxysllane, vinyltributoxysi- 
lane, cyclohexyltrimethoxysllane, cyclohexyltriethoxysilane, 2-norbornanetrimethoxysilane, 2-norbornanetriethoxysi- 
lane, 2-norbomanemethyldimethoxysilane, ethyl silicate, butyl silicate, trimethylphenoxysilane, methyttriallyloxysilane, 

40 vinyl tris(p-methoxyethoxysilane), vinyltriacetoxysilane, dimethyltetraethoxydisiloxane, cyclopentylthmethoxysilane, 
2-mQthylcyclopentyltrimethoxysilane, 2,3-dimethylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane, dicy- 
clopentyldimethoxysilane, bis(2-methylcyclopentyl)dimethoxysilane, bls(2,3-dlmethylcyclopentyl)dimethoxysilane. di- 
cyclopentyldiethoxysilane. Iricyclopentylmethoxysilane, tricyclopentylethoxysilane, dicyclopentylmethylmethoxysi- 
lane, dicyclopentylethylmethoxysilane, hexenyltrimethoxysilane, dicyclopentylmethylethoxysilane, cyclopentyldimeth- 

45 yimethoxysilane, cyclopentyldiethylmethoxysilane and cyclopentyldimethylethoxysilane. 

[0649] Of these, preferably used are ethyltriethoxysilane, n-propyltriethoxysilane, tert-butyltriethoxysllane. vinyltri- 
ethoxysilane, phenyltriethoxysilane, vinyltributoxysilane, diphenyldimethoxysilane, phenylmethyldimethoxysilane, bis 
p-toiyldimethoxysilane, p-tolylmethyldimethoxysilane, dlcyclohexyldimethoxysllane. cyclohexylmethyldlmethoxysi- 
lane, 2-norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane, phenyltriethoxysilane, dicyctopentyldimeth- 

50 oxysilane, hexenyltrimethoxysilane, cyclopentyltriethoxysilane, tricyclopentylmethoxysilane and cyclopentyldimethyl- 
methoxysilane. 

[0650] Also, usable as the electron donor (EDS) are nitrogen-containing electron donors, such as 2,6-substltuted 
piperidines, 2,5-substituted piperidines, substituted methylenediamines (e.g. N,N,N',N-tetramethylmethylenedlamine 
and N,N,N',N'-tetraethylmethylenediamine), and substituted methylenediamines (e.g. 1,3-dibenzylimidazolidlne and 
55 1,3-dibenzyl-2-phenylimldazolldine); phosphorus-containing electron donors, such as phosphites (e.g. triethyl phos- 
phite, tri n-propyl phosphite, triisopropyl phosphite, tri n-butyl phosphite, trllsobutyl phosphite, diethyl n-butyl phosphite 
and diethylphenyl phosphite); and oxygen-containing electron donors, such as 2,6-substltuted tetrahydropyrans and 
2,5-substituted tetrahydropyrans. 
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[0651] The electron donors (EDS) may be used either individually or in combination. 
(Metallocene Catalyst) 

5 [0652] An example of the metallocene catalyst will be described next. 

[0653] There is no limitation on the metallocene compound used in preparing the terminal-modified polyolefin, and 
the known metallocene catalyst can be exemplified. Examples of the known metallocene catalyst include compounds 
of such a transition metal as titanium, vanadium, chromium, zirconium or hafnium. Both liquid compounds and solid 
compounds under use conditions can be used. The compound need not be a single compound, and may be supported 

10 on other compound, be a unifomi mixture containing other compound or be a complex compound or a composite 
compound containing other compound. 

[0654] Of the known metallocene catalysts, the metallocene compounds of a chiral structure having the C2 symmetry 
or the C1 symmetry shown below are preferable to use. 

[0655] More preferred of the above compounds are the metallocene compounds having a bulky substituent group, 
IS such as rac-dimethylsilyl-bis{1-[2-ethyt-4-(1-naphthyl)indenyl)} zirconium dichloride, rac-dimethylsilyl-bis {1-[2-ethyl- 
4-(9-phenanthryl)jndenyl]}zirconium dichloride; rac-dimethylsilyl-bls{1 -[2-n-propyl-4-(1 -naphthyl) indenyl)}zirconium 
dichloride and rac-dimethylsilyl-bis {1-(2-n-propyl-4-(9-phenanthryl)indenyi)}zirconium dichloride. 
[0656] The metallocene compounds may be used either individually, in combination or together with the solid titanium 
catalyst component (a). 

20 [0657] The metallocene compound may be used in combination with the organometallic compound catalyst compo- 
nent (b). 

[0658] One example of the metallocene catalyst will be discussed hereinafter 
[0659] The metallocene catalyst comprises, for example. 



(c) a transition-metal compound of Group 4 of the Periodic Table containing a ligand having a cyclopentadienyl 
skeleton (such a transition-metal compound will sometimes be referred to simply as "metallocene compound (c)"), 

(d) an organoalumlnum oxy-compound^ and according to necessity, 

(e) a particle carrier. 



wherein is a transition metal atom of Group 4 of the Periodic Table, and is specifically zirconium, titanium or 
hafnium; 

L is a ligand coordinated to the transition metal atom, and at least one L is a ligand containing a ligand having a 
cyclopentadienyl skeleton, and the other L but the ligand containing a ligand having a cyclopentadienyl skeleton is a 
hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryoixy group, a trialkylsilyl group, an SO3R group 
(wherein R is a hydrocarbon group of 1 to 8 carbon atoms which may have such a substituent group as a halogen), a 
halogen atom or hydrogen; and 

X is an integer satisfying the valence of the transition metal atom. 
[0661] Examples of the ligand containing a ligand having cyclopentadienyl skeleton include alkyl-substituted cy- 
clopentadienyl groups, such as cyclopentadienyl group, methylcyclopentadienyl group, dimethylcyclopentadienyl 
group, trimethylcyclopentadienyl group, tetramethylcyclopentadienyl group, pentamethytcyclopentadienyl group, ethyl- 
cyclopentadienyl group, methylethylcyclopentadienyl group, propylcyclopentadienyl group, methylpropylcyclopentadi- 
enyl group, butylcyclopentadienyl group, methylbutylcyclopentadienyl group and hexylcyclopentadienyl group; indenyl 
groups, 4,5,6,7-tetrahydroindenyl groups and fluorenyl groups. These groups may be substituted with a halogen atom 
or a trialkylsilyl group. 

[0662] When the compound represented by fomiula (7) contains two or more groups having a cyclopentadienyl 
skeleton, the two groups having a cyclopentadienyl skeleton may be bonded to each other via an alkylene group, such 
as ethylene or propylene; a substituted-alkylene group, such as isopropylidene or diphenylmethylene; a silylene group; 
or a substituted-silylene group, such as dimethylsilylene group, diphenylsllylene group or methylphenylsilylene group. 
[0663] Examples of the other ligand L but the ligand having a cyclopentadienyl skeleton include the following. 
[0664] Examples of the hydrocarbon groups having 1 to 12 carbon atoms include alkyi groups, cycloalkyi groups. 



30 [Metallocene Compound (c)] 



[0660] The metallocene compound (c) is represented by fomiula (7) : 



35 




(7) 
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aryl groups and aralkyl groups, specifically, 

such atkyi groups as a methyl group, an ethyl group, a propyl group, an Isopropyl group and a butyl group; 

such cycloalkyi groups as a cyclopentyl group and a cyclohexyl group; 

such aryl groups as a phenyl group and a tolyl group: and 

such aralkyl groups as a benzyl group and a neophyl group. 
[0665] Examples of the alkoxy groups include a methoxy group, an ethoxy group and a butoxy group. 
[0666] Examples of the aryoixy groups Include a phenoxy group. 
[0667] Examples of the halogen include fluorine, chlorine, bromine and iodine. 

[0668] Examples of the ligands represented by SO3R include a p-toluenesulfonato group, a methanesulfonato group 
and a trifluoromethanesulfonato group. 

[0669] More specifically, when the valence of the transition metal atom is 4, the metallocene compound (c) containing 
a ligand having a cyclopentadienyl skeleton is represented by formula (8): 

p21 p22 -23 q24 _.3 

R a" b" c" d"^ (8) 

wherein Is the same transition metal atom as M3 of formula (7); R2i is a group (ligand) having a cyclopenta- 
dienyl skeleton; R22^ r23 and are each independently a group having a cyclopentadienyl skeleton, an alkyi group, 
a cycloalkyi group, an aryl group, an aralkyl group, an alkoxy group, an aryoixy group, a trialkylsilyl group, an SO3R 
group, a halogen atom or hydrogen; a is an integer of 1 or more; and a+b-fc+d=4. 

[0670] The metallocene compound wherein at least two of R2i, R22 r23 and R2* of formula (8), for example. R2i 
ari'j R22^ are each a group (ligand) having a cyclopentadienyl skeleton, is preferably used. 

[0671] These groups having a cyclopentadienyl skeleton may be bonded to each other via an alkylene group, such 
as ethylene or propylene; a substituted alkylene group, such as isopropylidene or diphenylmethylene; a silylene group; 
or a substituted silylene group, such as dimethylsllylene, diphenylsilylene or methylphenylsilylene. 
[0672] R23 and R24 are each independently a group having a cyclopentadienyl skeleton, an alkyI group, a cycloalkyi 
group, an aryl group, an aralkyl group, an alkoxy group, an aryoixy group, a trialkylsilyl group, an S03R group, a halogen 
atom or hydrogen. 

[0673] Exemplary metallocene compounds wherein Is zirconium are given below: 

bis(indenyl)zirconium dichloride. bis(indenyl)zirconiumdibromide, bis(indenyl)zirconiumbis(p-toluenesulfonato)bis 
(4,5,6,7-tetrahydrolndenyl)zirconium dichloride, bis(fluorenyl)zirconlum dichloride. ethylenebis(indenyl)zirconium 
dichloride, ethylenebis(indenyl)zirconium dibromide, ethylenebis{indenyl)dimethyl zirconium, ethylenebis(indenyl) 
diphenyl zirconium, ethylenebis(indenyl)methyl zirconium monochloride, ethylenebis(indenyl)zirconiumbis(meth- 
aneaulfonato), ethylenebls(lndenyl)2irconiumbis(p-toluenesulfonato), ethylenebls(lndenyl)zlrconiumbis (trifluorometh- 
anesulfonato), ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, isopropylidene(cyclopentadienyl-fluorenyl) 
zirconium dichloride, isopropylidene(cyclopenladienyl-methylcyclopentadienyl) zirconium dichloride, dimethylsi- 
lylenebis(cyclopentadienyl) zirconium dichloride: dimethylsilylenebis(methylcyclopentadienyl)2irconium dichloride. 
dimethylsilylenebis(dimethylcyclopentadienyl) zirconium dichloride. dimethylsilylenebis(trimethylcyclopentadienyl)2lr- 
conlum dichloride, dimethylsilylenebis(indenyl)zirconium dichloride. dimethylsilylenebis(indenyl)zirconiumbis(trifluor- 
omethane sulfonate). dimethyl8ilylenebis(4,5,6,7-tetrahydroindenyl) zirconium dichloride, dimethyl8ilylene(cyclopon- 
tadlenyl-fluorenyl)2irconium dichloride, diphenyl8ilylenebls(indenyl)zirconlum dichloride, methylph©nylsilylenobis(in- 
denyOzirconium dichloride. bl6(cyclopentadienyl)2lrconium dichloride, bis(cyclopentadienyl)zirconium dibromide, bis 
(cyclopGntadienyl)methylzirconium monochloride, bls(cyclopentadienyl)ethylzirconium monochloride, bis(cyclopenta- 
dienyl)cyclohexylzlrconium monochloride, bis(cyclopentadienyl)phenylzirconium monochloride, bis(cyclopentadienyl) 
benzylzirconium monochloride, bis(cyclopentadienyl)zirconium monochloride monohydride, bis(cyclopentadienyl) 
methylzirconium monohydride, bls(cyclopentadienyl)dimethylzirconium, bis(cyclopentadienyl)diphenylzirconium, bis 
(cyclopentadienyl)dibenzylzirconium, bis(cyclopentadienyl)zirconiummethoxy chloride. bis(cyclopentadienyl)zirconi- 
umethoxy chloride. bls(cyclopentadienyl)zirconlumbis(methanesulfonato), bis(cyclopentadienyl)zirconlumbis(p-tolue- 
nesulfonato), bis(cyclopentadienyl)zirconiumbis (trifluoromethane sulfonato), bis(methyteyclopentadienyl)zirconium 
dichloride, bis(d(methylcyclopentadienyl)zlrconlum dichloride, bis{dimethylcyclopentadienyl)zirconiumethoxy chloride. 
bis(dimethylcyclopentadienyl)zirconiumbis (trifluoromethanesulfonato), bis(ethylcyclopentadienyl)zirconium dichlo- 
ride, bis(methylethylcyciopentadlenyl)zirconium dichloride. bis(propylcyclopentadienyl)zirconium dichloride, bi8(meth- 
ylpropyk:yclopentadienyl)zlrconium dichloride. bls(butylcyclopentadienyl)zlrconium dichloride, bis(methylbutylcy- 
clopentadienyl)zlrconium dichloride, bis(methylbutyk;yclopentadlenyl)zirconiumbis (methanesulfonato), bis(trimethyl- 
cyclopentadienyl)zirconlum dichloride. bl8(tetramethylcyclopentadienyl)zirconium dichloride, bls(pentamethylcy- 
clopentadienyl)zirconium dichloride, bis(hexylcyclopentadienyl)zirconium dichloride and bis(trimethylsilylcyclopenta- 
dienyl)zirconium dichloride. 
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[0674] With respect to the above-exemplified compounds, the di-substitution product in the cyclopentadienyl ring 
includes 1 ,2-substltuton products and 1 ,3'Substitutlon products, and the tri-substitution product includes 1 .2,3-substi- 
tution products and 1 .2,4-substitution products. The alkyl group, such as propyl or butyl, contains such an isomer as 

n-, iso-, sec- or tert-. 

5 [0675] The corresponding compounds to the above zirconium compounds where the zirconium Is substituted with 
litanium or hafnium can be used as the melallocene compound (c). 

[0676] These compounds may be used either individually or in combination. They can be diluted in a hydrocarbon 
or a halogenated hydrocarbon for use. 

[0677] The zirconocene compound which contains at least two ligands having a cyclopentadienyl skeleton and where- 
to in the central metal is zirconium is preferably used as the metallocene compound (c). 

(Organoaluminum Oxy-compound (d)) 

[0676] Specific examples of the organoaluminum oxy-compound (d) include the conventional and known aluminox- 

15 anes and the benzene-insoluble aluminum oxy-compound disclosed in JP-A-2(1990)/276807. 

[0679] The conventional and known aluminoxanes can be prepared by the method described earlier. 

(Particle Carrier (e)) 

20 [0680] Examples of the particle carrier (e), which is used according to necessity, include inorganic carriers, such as 
Si02, AI2O3, B2O3. MgO, ZrOg, CaO, TiOg, ZnO, ZngO, SnOj, BaO and ThO; and resins (organic carriers), such as 
polyethylene, polypropylene, poly-1-butene. poly 4-methyl-1-pentene and a styrene/divinylbenzene copolymer. Of 
these, SiOg is preferable. They can be used either individually or in combination. 

[0681] When the metallocene catalyst is a solid metallocene catalyst comprising the metallocene compound (c), the 
25 organoaluminum oxy-compound (d) and the particle earner (e), the solid catalyst is prepared by supporting the metal- 
locene compound (c) and the organoaluminum oxy-compound (d) on the particle carrier by the conventional method. 
[0682] The solid metallocene catalyst may be prepared by supporting the metallocene compound (c), the organoa- 
luminum oxy-compound (d) and the organoaluminum compound (b-2) shown below on the particle carrier (e). 
[0683] In preparing the solid metallocene catalyst, the metallocene compound (c) is used in an amount of usually 
30 0.001 to 1.0 mmol, preferably 0.01 to 0,5 mmol (in tenns of the transition metal atom) and the organoaluminum oxy- 
compound (d) is used in an amount of usually 0.1 to 100 mmol, preferably 0.5 to 20 mmol, both based on 1g of the 
particle carrier (e). 

[0684] The solid metallocene catalyst has a particle diameter of usually 1 to 300 ^m, preferably 1 0 to 100 ^m. 
[0685] According to necessity, the solid metallocene catalyst may contain, in addition to the above catalyst compo- 
35 nents, other component useful for the olefin polymerization, such as an electron donor or a reaction auxiliary. 

[0686] The solid metallocene catalyst may have been pre-polymerized with an olefin to be used as the solid metal- 
locene catalyst in the invention. 

[0687] The organoaluminum compound (b-2) shown below may be used together with the metallocene compound 
in polymerizing an olefin by use of the metallocene catalyst. 
40 [0688] Examples of the organoaluminum compound (b-2), which is used as the organoaluminum compound (b-2) 
and also used in preparing a solution of the organoaluminum oxy-compound (d), include the same organoaluminum 
compounds as those exemplified with respect to the organometallic catalyst component (excluding the aluminoxanes). 
[0689] Of such compounds, trialkylaluminums are preferred, and triethylaluminum and triisobutylaluminum are es- 
pecially preferred. 

45 [0690] The isoprenylaluminums represented by the following formula also may be used as the organoaluminum 
compound: 

(i-C4H9)^AIy(C5Hio)^ 

50 

wherein x, y and z are each a positive number and z^x. 
[0691] They can be used in combination of 2 or more kinds. 

[0692] The organoaluminum compound (b-2) may contain a small amount of a metallic component other than alu- 
minum. 

55 [0693] The organoaluminum compound (b-2). when supported on the particle can-ier (e) together with the metal- 
locene compound (c) and the organoaluminum oxy-compound (d). is used in an amount of usually 1 to 300 mol, pref- 
erably 2 to 200 mol based on 1 mol of the solid metallocene catalyst (in tenms of the transition metal atom). 
[0694] The tenninal-modified polyolef In represented by fomnula (IX) may be prepared, for example, In the presence 
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of the above olefin polymerization catalyst: 



PO®-AIR^^R^ (IX) 

5 

wherein PO^ is a polymer chain obtained by homo-polymerizing or copoiymerizing an olefin represented by 
CH2=CHR27. r27 is a group or an atom selected from hydrocarbon groups having 1 to 10 carbon atoms, hydrogen and 
a halogen atom. 

[0895] Examples of the olefin represented by CH2=CHR27 include ethylene, propylene, butene, pentene, hexene, 
octene and decene. 

[0696] R25 and which may be the same or different, are each a group or an atom selected from hydrocarbon 
groups of 1 to 10 carbon atoms, hydrogen and a halogen atom. 

[0697] Examples of the hydrocarbon groups of 1 to 1 0 carbon atoms include methyl, ethyl, propyl, butyl, pentyl, octyl- 
and decyl. 

[0698] Preferably, PO® has a weight-average molecular weight of 1 ,000 to 10,000.000. PO® ideally has Mw/Mn of 
at ieast 2, preferably 3 to 15, more preferably 4 to 14. 

[0699] Polymerization of the temriinal-modified polyolefin represented by formula (IX) is made by suspension polym- 
erization in a solvent or suspension polymerization using a liquid olefin as a solvent. 

[0700] A hydrocarbon which is inert in any polymerization can be used as the polymerization solvent In canying out 
^ suspension polymerization in a solvent. 

[0701] Examples of the usable inert hydrocarbon medium include aliphatic hydrocarbons, such as propane, butane, 
pentane, hexane, heptane, octane, decane, dodecane and kerosene; allcyclic hydrocarbons, such as cyclopentane, 
cyciohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogenated 
hydrocarbons, such as ethylene chloride and chlorobenzene; and mixtures thereof. Of these, aliphatic hydrocarbons 
are particularly preferably used. 

[0702] When the magnesium-supported titanium catalyst is used, the solid titanium catalyst component (a) or the 
pre-potymerized catalyst thereof is used in an amount of , in terms of titanium, about 0.0001 to about 50 mmol. preferably 
about 0.001 to about 1 0 mmol per 1 liter of the polymerization volume in the polymerization system. The organometallic 
compound catalyst component (b) is used in such amounts that the metallic atom of the catalyst component (b) accounts 
^ for usually 1 to 2000 mol, preferably 2 to 1000 mol based on 1 mol of the titanium atom of the solid titanium catalyst 
component (a) in the polymerization system. The electron donor (ED3) is used in an amount of usually 0.001 to 10 
mol, preferably 0.01 to 5 mol based on 1 mol of the metallic atom of the organometallic compound catalyst component 

(b) . 

[0703] When the catalyst used is the metallocene catalyst, it is used in such amounts that the metallocene compound 

(c) has a concentration of usually 0.00005 to 0.1 mmol, preferably 0.0001 to 0.05 mmol based on 1 liter of the polym- 
erization volume in the polymerization system. The organoalumlnum oxy-compound (d) Is used In such amounts that 
the molar ratio (Al/M) of the aluminum atom to the transition metal atom (M) of the metallocene compound (c) becomes 
5 to 1,000, preferably 10 to 400. When the organoaluminum compound (b-2) is used, the amount thereof is usually 
about 1 to about 300 mol, preferably about 2 to about 200 mol based on 1 mol of the transition metal atom In the 

^ metallocene compound (c). 

[0704] The concentration of hydrogen In the course of the polymerization Is ideally 0 to 0.01 mol, preferably 0 to 
0.005 mol, more preferably 0 to 0.001 mol based on 1 mol of the monomers, 

[0705] Olefin polymerization can be made by a liquid-phase polymerization process, such as solution polymerization 
or suspension polymerization, or a gas-phase polymerization process. The inert solvents and liquid olefins at the re- 
^ action temperature can be used as a reaction solvent in suspension polymerization. The polymerization temperature 
is usually 70^*0 or over, preferably from 80 to ISO'^C, more preferably from 85 to 140**C, particularly preferably from 
90 to 130''C. The pressure is set at usually the nomnal pressure to 10 MPa. preferably the normal pressure to 5 MPa. 
The polymerization can be made by a batchwise, semi-continuous or continuous process. The reaction conditions may 
be the same or different when the polymerization is carried out over 2 or more steps. 

[0706] The terminal-modified polyolefin represented by formula (IX) thus prepared is obtained usually as a slurry. 
[0707] Next, the group, -AIR25R26 of the terminal-modified polyolefin is subjected to substitution with a compound 
having a structure which fomis a functional group on solvolysis, and thereafter subjected to solvolysis to thereby prepare 
the polyolefin represented by formula (X) shown below: 



50 



55 



PO®-OH (X) 
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wherein PO® is as defined earlier. 
[0708] Examples of the compound having a structure which fonns a functional group on sotvolysis include oxygen 
and ozone. 

[0709] Substitution of the group, -AIR25r26^ of the terminal-modified polyolefin with a compound having a functional 
5 group or a compound having a structure which fomis a functional group on solvolysis is made usually at 0 to 300''C, 
preferably 10 to 200'»C for 0 to 100 hours, preferably 0.5 to 50 hours. 

[0710] Solvolysis after the substitution is carried out at a temperature of usually 0 to lOO^C, preferably 10 to 80*C 
over a period of 0 to 1 00 hours, preferably 0.5 to 50 hours. Examples of the soh/ent usable in solvolysis include methanol, 
ethanol, propanol, butanol and water. 

10 [0711] The polyolefin having a hydroxyl group in the temnlnal position may be prepared also by reacting a polyolefin 
having an unsaturated bond in the tenminal position of one side with a compound containing a Group 1 3 element, such 
as an organoaluminum compound or an organoboron compound, to thereby prepare the terminal-modified polyolefin 
represented by formula (IX), and thereafterconverting the end to a hydroxyl group in such a manner as described above. 
[0712] The polyolefin having an unsaturated bond In the terminal position of one side (unsaturated-terminal polyole- 

15 fin) may be prepared, for example, by polymerizing or copolymerizing an olefin having 3 to 20 carbon atoms in the 
presence of the olefin polymerization catalyst. 

[0713] Examples of the preferable olefin having 3 to 20 carbon atoms include propylene. 1-butene, 3-methyl- 
1-butene, 3-methyl-1 -pentene and 4-methyt-1-pentene. Propylene is used most preferably. 

[0714] Olefin polymerization may be carried out by a liquid-phase polymerization process, such as solution polym- 
20 erization and suspension polymerization, or a gas-phase polymerization process. As far as the polymerization mode 
is concerned, suspension polymerization is preferably chosen. The reaction solvent may be an inert hydrocarbon sol- 
vent or an olefin which is liquid at the reaction temperature. 

[0715] Examples of the usable inert hydrocarbon solvent include aliphatic hydrocarbons, such as propane, butane, 
pentane, hexane. heptane, octane, decane, dodecane and kerosene; alicyclic hydrocarbons, such as cyclopentane, 
25 cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogenated 
hydrocart>ons, such as ethylene chloride and chlorobenzene; and mixtures thereof. Of these, aliphatic hydrocarbons 
are particularly preferably used. 

[0716] When the magnesium-supported titanium catalyst is used in preparing the unsaturated-temriinal polyolefin, 
the solid titanium catalyst component (a) or the pre-polymerized catalyst thereof is used in an amount of, in terms of 

so the titanium atom, usually about 0.001 to about 100 mmol, preferably about 0,005 to about 20 mmol per 1 liter of the 
polymerization volume. The organometallic compound catalyst component (b) is used in such amounts that the metallic 
atom of the catalyst component (b) accounts for usually about 1 to about 2000 mof, preferably about 2 to about 500 
mol based on 1 mol of the titanium atom of the solid titanium catalyst component (a) in the polymerization system. The 
electron donor (ED3) is used in an amount of usually 0 to 10 mol, preferably 0 to 5 mot based on 1 mol of the metallic 

35 atom of the organometallic compound catalyst component (b). 

[071 7] The concentration of hydrogen in the course of the polymerization is ideally 0 to 0.25 mol, preferably 0 to 0.20 
mol, more preferably 0 to 0.01 5 mol based on 1 mol of the monomers. 

[0718] When the magnesium-supported titanium catalyst is used, the polymerization temperature is usually about 
20 to about 300°C, preferably about 50 to about ISO^'C, and the polymerization pressure is 0.01 to 10 MPa, preferably 
40 0.05 to 5 MPa. 

[071 9] When the catalyst used in preparing the unsaturated-terminal polyolefin is the metallocene catalyst, it is used 
in such amounts that the metallocene compound (c) has a concentration of usually 0.00005 to 0.1 mmol, preferably 
0.0001 to 0.05 mmol based on 1 liter of the polymerization volume in the polymerization system. The organoaluminum 
oxy-compound (d) is used in such amounts that the molar ratio (Al/M) of the aluminum atom (Al) to the transition metal 
45 atom (M) of the metallocene compound (c) becomes 5 to 1 ,000, preferably 1 0 to 400. When the organoaluminum 
compound (b-2) Is used, the amount thereof is usually about 1 to about 300 mol, preferably about 2 to about 200 mol 
based on 1 mol of the transition metal atom in the metallocene compound (c). 

[0720] When the metallocene catalyst is used, the polymerization temperature is usually -20 to 1 SO^'C, preferably 0 
to 120''O. more preferably 0 to 1 00°C, and the polymerization pressure ranges from above 0 to 8 MPa, preferably from 
50 above 0 to 5 MPa. 

[0721] Olefin polymerization can be made by a batchwise, semi-continuous or continuous process. Polymerization 
can be carried out in 2 or more steps under different reaction conditions. An olefin homopolymer or a random copolymer 
of 2 or more olefins may be produced in olefin polymerization. 

[0722] The unsaturated-terminal polyolefin thus obtained is reacted with a compound containing a Group 1 3 element 
55 to thereby have a tenninal end linked with a Group 13 element. In the case where the polyolefin obtained is a mixture 
of a polyolefin having one terminal end linked with a Group 13 element and a polyolefin having one terminal end of an 
unsaturated bond, the end of the polyolefin having one tenminal end of an unsaturated bond may be converted to the 
end linked with a Group 13 element according to necessity. 
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[0723] The compound containing a Group 1 3 element, which is used in the reaction, is selected from the compounds 
exemplified as the organic compound catalyst component (IX). The compounds exemplified as the organoaluminum 
compound or as the organoboron compound are preferably used. Of these, trialkylaluminum, dialkylalumlnum hydride 
and boron compounds having at least one hydrogen-boron bond are more preferable. As the organoaluminum com- 
pound, dialkylaluminum hydride is particularly preferred. As the organoboron compound, 9-borablcyclo[3,3.1]nonane 
is particularly preferred. 

[0724] For example, the reaction of the polyolefin having an unsaturated bond in the terminal position of one side 
with the compound containing a Group 13 element Is performed as follows. 

1) A polypropylene having a vinylidene group in the tenminal position, 0.1 to 50 g, is mixed with an octane solution. 
5 to 1 000 ml, containing 0.01 to 5 mol/L of diisobutylaluminum hydride, and the mixture is refluxed for 0.5 to 6 hours. 

2) A polypropylene having a vinylidene group in the tenninal position, 0.1 to 50 g, anhydrous tetrahydrofuran, 5 to 
1000 ml, and a tetrahydrofuran solution, 0.1 to 50 ml, containing 0.05 to 10 mol/L of 9-borabicyclo[3,3,1]nonane 
are mixed with each other, and the mixture is refluxed at 20 to 65''C for 0.5 to 24 hours. 

[0725] The one-end-modified polyolefin is produced as described above. The polyolefin obtained links with a Group 
13 element in the terminal position of one side. The Group 13 element is preferably aluminum. 

(Preparation of Polyolefin Having Lithium or Phosphoms-Containing Group in Temninal Position) 

[0726] Preparation of a polyolefin having lithium or a phosphorus-containing group in the terminal position is detailed 
based on the process of preparing a polyolefin having lithium in the temninal position. 

[0727] The polyolefin having lithium in the terminal position Is obtained by reacting the polyolefin having a hydroxyl 
group in the terminal position with an organolithium compound. The reaction of the polyolefin having a hydroxyl group 
in the tenminal position with an organolithium compound is performed usually In a solvent. 

[0726] Examples of the organolithium compound include alkyi lithiums, such as butyl lithium, propyl lithium, ethyl 
lithium and methyl lithium; and alkoxy lithiums, such as butoxy lithium, propoxy lithium, ethoxy lithium and methoxy 
lithium. In the invention, alkyI lithiums are preferably used. 

[0729] Examples of the solvent used in the reaction Include the same solvent as exemplified with respect to the Inert 
hydrocarbon medium. 

[0730] In reacting the polyolefin having a hydroxyl group In the tenninal position with an organolithium compound, 
the organolithium compound is used in an amount of 0.1 to 100 mof, preferably 0.2 to 10 mol based on 1 mol of the 
hydroxyl group present in the terminal position of the polyolefin. The reaction temperature Is usually -100 to 100°C, 
preferably 0 lo 80°C and the reaction time is usually 0.1 to 48 hours, preferably 0.5 to 12 hours. 
[0731] Examples of the preferred organophosphorus compound which can be reacted with the polyolefin having a 
hydroxyl group in the terminal position include halldes of tris(dimethylamino){tris(dimethylamino) phosphoranylidene- 
amino)phosphonium, tri5(diethylamino){tris(diethylamino) phosphoranylideneamino)phosphonium, bis(dimethylami- 
no)bis{tris(dimethylamino) phosphoranylideneamino}phosphonium, dimethylaminotris{tris(dimethylamlno) phospho- 
ranylideneamlno}phosphonlum, tetrakls{tris(dlmethylamino)phosphoranylldeneamino} phosphonium, tetrakls{tris 
(morpholino)phosphoranylideneamino}phosphoniu m, and tetrakis{tris(piperidjno)phosphoranylidoneamlno) phospho- 
nium. Chlorides thereof are more preferable. 

[0732] As the organophosphorus compound, compounds which readily generate a cation are preferable and those 
which readily generate a phosphoranylldeneaminophosphonlum cation are more preferable. 

[0733] The phosphorus-containing group present in the terminal position is preferable also to serve as the active 
species for ring-opening polymerization. 

[0734] The use of the polyolefin having lithium in the terminal position is effective to control the stereoregularity of R^. 
[0735] As described above, the polyolefin, which is represented by formula (VIII), having lithium or a phosphoms- 
contalnlng group In the tenninal position is prepared: 

PO®-0-LP (VIM) 

wherein PO® denotes a polyolefin segment having a weight-average molecular weight of 1 ,000 to 10.000,000, 
preferably 3,000 to 1 ,000,000, more preferably 5,000 to 500,000 and LP is lithium or a phosphorus-containing group. 
The polyolefin having lithium or a phosphorus-containing group in the terminal position ideally has Mw/Mn of at least 
2, preferably from 3 to 15, more preferably from 4 to 14. 



66 



<EP 1275670A1J_> 



EP 1 275 670 A1 



(Preparation of Block Copolymer) 

[0736] In the present Invention, a (meth)acrylic ester Is anionically polymerized In the presence of the polyolefin 
having lithium or a phosphorus-containing group in the terminal position to thereby obtain a polyolefin block copolymer 

5 comprising a polyolefin segment and a (meth)acrylic ester segment. 

[0737] The polymerization is performed by mixing a solvent, Ihe polyolefin having lithium or a phosphorus-containing 
group in the terminal position and a (meth)acrylic ester with each other; or by mixing the polyolefin having lithium or a 
phosphorus-containing group in the terminal position with a liquid (meth)acrylic ester. Mixing the polyolefin having 
lithium or a phosphorus-containing group in the terminal position, a solvent and a (meth) acrylic ester with each other 

10 yields the active species for anionic polymerization. 

[0738] Examples of the solvent include aliphatic hydrocarbons, such as hexane and heptane; alicyclic hydrocarbons, 
such as cyclopentane and cyctohexane; aromatic hydrocarbons, such as benzene and toluene; and ether solvents, 
such as diethyl ether, dioxane, tetrahydrofuran (THF), monogtyme and diglyme. These solvents may be used either 
individually or in combination. Of these, aromatic hydrocarbons and ether solvents are preferably used. 

15 [0739] Examples of the (meth)acrylic esters include methyl methacrylate, ethyl methacrylate, propyl methacrylate. 
butyl methacrylate, methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, vinyl acrylate. 2-methoxyethyl meth- 
acrylate and 2-(N,N-diethylamino)ethyl methacrylate. These (meth)acrylic esters are used either individually or in com- 
bination. Examples of the combination of (meth)acrylic esters include a combination of at least two acrylic esters, a 
combination of at least two methacrylic esters and a combination of at least one acrylic ester and at least one methacrylic 

20 ester. 

[0740] Such compounds useful for fonning the active species for anionic polymerization as triphenylphosphine. a, 
a'-dipyridyl, hexamethylphosphoroamide (HMPA), titanium tetrachloride, alkyi lithium and alkoxylithlum, may be added 
in the polymerization. 

[0741] The polymerization is performed at a temperature of usually -100 to lOC'C, preferably -80 to 80°C. more 
25 preferably -70 to 70**C for a period of 1 minute to 500 hours, preferably 10 minutes to 300 hours, more preferably 15 
minutes to 1 50 hours. In this polymerization, the polyolefin having lithium in the tenminal position is used In concentra- 
tions of 0.001 to 100 mot/L, preferably 0.005 to 50 mol/L, more preferably 0.01 to 1 0 mol/L, even more preferably 0.1 
to 5 mol/L. The (meth)acrylic ester is used in concentrations of usually 0.001 to 500 mol/L. preferably 0.005 to 300 
mol/L, more preferably 0.01 to 150 mol/L. 
30 [0742] The polymerization preferably yields a poiy(meth)acrylic ester segment having stereoregularity. That is, a 
stereoregular poly(substituted-acrylic ester) having a triad syndiotacticity (rr) of at least 70 % or a triad isotacticity (mm) 
of at (east 70 % is preferred. 

[0743] The values of rr and mm are detemnined based on the ratio of the peak area of rr or mm to the total of the 
peak areas of rr, mr and mm, each detected at around 0.85, 1 .05 and 1 .25 ppm, respectively, as the result of the ""H-NMR 

35 measurement of a sample dissolved in nitrobenzene-ds- 

[0744] As described above, the polymer containing a block copolymer wherein the polyolefin segment (PO^) and the 
poly (meth)acry lie ester segment are chemically bonded to each other can be produced. Whether the polymer contains 
a polymer wherein the segment PO® and the poly(meth)acrylic ester segment are chemically bonded to each other, 
can be judged based on the molecular weight of the polymer obtained, the solubility thereof in an organic solvent or 

40 the results of spectroscopic analysis. That is, successful production of the objective block copolymer can be confirmed 
based on the fact that the polymer obtained by the method of the invention has a higher molecular weight than that of 
the segment PO® of the polyolefin having lithium or a phosphorus-containing group in the terminal position; the fact 
that the mixture of the polymer corresponding to the segment PO® of the olefin block copolymer produced by the method 
of the invention and a polymer corresponding to the segment of the polymer obtained by anionic polymerization of the 
former polymer differs in solubility behavior in an organic solvent from the olefin block copolymer obtained by the 
method of the invention; or the peak derived from the chemical bond between the poly(meth)acrylic ester segment of 
the polymer produced by anionic polymerization and the segment PO^, which is detected as a result of the ''^C-NMR 
analysis of terminal structure of the olefin block copolymer obtained by the method of the Invention. 

so (Resin for Adhesion) 

[0745] The resin for adhesion of the invention is described in detail hereinafter 

[0746] The resin for adhesion comprises the olefin block copolymer (A-1), When the olefin block copolymer (A-1 ) is 
used for the purpose of adhesion, its segment B** Is Ideally has a weight-average molecular weight of usually less than 
55 500, preferably 50 or more and less than 500, more preferably from 50 to 450, particularly preferably from 1 00 to 400, 
[0747] For example, such an embodiment as the olefin block copolymer (A-1 4) is preferable. 
[0748] Examples of the resin for adhesion comprising the olefin block copolymer (A-1 ) include a hot melt adhesive. 
[0749] The hot melt adhesive composition of the invention comprises the olefin block copolymer (A-1 ) and a tacklfier 
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resin (B). 

[0750] The segment PO^ of the olefin block copolymer (A-1), which is used for the hot melt adhesive composition, 
ideally has a weight-average molecular weight of usually at least 2.000. preferably from 2.000 to 1,000,000. more 
preferably from 10.000 to 800,000. particularly preferably from 50,000 to 500,000. 

[0751] The segment PO^ is preferably composed of an ethylene polymer, such as ethylene homopolymer and eth- 
ylene/a-olefin copolymers; a propylene polymer, such as propylene homopolymer and propylene/a-olefin copolymers; 
a butene polymer, such as butene homopolymer and butene/elhylene copolymer; or a 4*methyl-1-pentene polymer, 
such as 4-methyl-1-pentene homopolymer. 

[0752] The linkage g^ of the olefin block copolymer (A-1). which is used for the hot melt adhesive composition, is 
ideally an ether linkage, an ester linkage or an amide linkage. An ether linkage is particularly preferable. 
[0753] The segment B'" of the olefin block copolymer {A-1 ). which is used for the hot melt adhesive composition, is 
a functional segment obtained by chain polymerization. Preferably, the segment B^ is a functional segment containing 
repeating units containing an unsaturated hydrocarbon and/or repeating units containing a hetero atom. More prefer- 
ably, it is such a functional segment obtained by radical polymerization, ring-opening polymerization or ionic polymer- 
ization. Particularly preferably, it is such a functional segment obtained by radical polymerization or ring-opening po- 
lymerization. The segment PC and the segment B"" are preferably composed of different polymers. 
[0754] Examples of the preferable repeating units which constitute the segment 8^ include those derived from a 
radically polymerizable monomer, such as methyl methacrylate (MMA), ethyl methacrylate (EMA), butyl methacrylate, 
vinyl acrylate (VA). butyl acrylate (BA). styrene, acrylonitrile and vinylacetate: and those derived from a ring-opening 
polymerizable monomer, such as lactones, lactams. 2-oxazolines and cyclic ethers, e.g., p-propiolactone, p-butylolac- 
tone, 6-valerolactone, glycollde. lactide, e-caprolactone, a-pyrrolidone, y-butyrolactam, e-caprolactam, ethyleneoxide, 
propyleneoxide, epichlorohydrin, oxetane, tetrahydrofuran and octamethylcyclotetrasiloxane. 

[0755] The segment B^ ideally has a weight-average molecular weight of usually at least 500, preferably from 500 
to 1 ,000,000, more preferably from 5,000 to 800,000, particularly preferably from 10.000 to 500,000. 
[0756] The segment B^ is preferably connposed of., for example, a styrene polymer, such as styrene homopolymer 
or styrene/maleic anhydride copolymer; a vinyl acetate polymer; an acrylic ester polymer; a methacryllc ester polymer, 
such as methyl methacrylate homopolymer or ethyl methacrylate homopolymer; a vinylformamide polymer; an acryla- 
mide polymer; a cyclic ester polymer; a cyclic amide polymer; a cyclic ether polymer; an oxazollne polymer or a fluorine- 
containing polymer. 

[0757] The segment B^ is contained in an amount of preferably 0.01 to 99.99 % by weight, preferably 1 to 99 % by 
weight, more preferably 1 to 95 % by weight, partlcularty preferably 1 to 90 % by weight based on the olefin block 
copolymer (A-1 ). 

[0758] The olefin block copolymer (A-1 ), which is used for the hot melt adhesive composition, ideally has a melt flow 
rate (MFR: ASTM D 1238, 230*'C, 2.16 kg load) of usually 0.01 to 800 g/IOmin, preferably 0.05 to 500 g/lOmin, more 
preferably 0.1 to 400 g/10min. 

[0759] The olefin block copolymer (A-1) having a molecular weight of the above range is excellent in tackiness, 
thermoresistant creep characteristics and fluidity. 

[0760] In view of good aqueous dispersion properties and excellent heat sealing properties with polyolef ins, the olefin 
block copolymer (A-1) ideally has the segment PO^ composed of a polyethylene, an ethylene/a-olefin copolymer, a 
polypropylene or a propylene/a-olefin copolymer, and the segment B*" composed of a polyethylene glycol, a polypro- 
pylene glycol, a polyvinyl alcohol or a poly(2-hydroxyethyl methacrylate). 

[0761] In order for the olefin block copolymer (A-1 ), when used as a base resin for a hot melt, to balance excellent 
tackiness and thermoresistant creep characteristics, the block copolymer preferably comprises the segment PC com- 
posed of a crystalline polyolefin and the segment B^ which is a functional segment having a glass transition temperature 
of lower than room temperature (23°C); or the segment PO^ composed of a polyolefin having a crystallinity of less 
than 30% and the segment B^ which Is a crystalline functional segment or a functional segment having a glass transition 
temperature of not lower than 80°C. 

[0762] The crystalline polyolefin is a polyolefin having a crystallinity of at least 30%. The melting point of the crystalline 
polyolefin is usually 80'C or over, preferably 100'C or over, more preferably 12G*>C or over. 

[0763] Examples of such a polyolefin include a propylene homopolymer, a propylene/ethylene random copolymer 
(ethylene content: 5 mol% or less), a copolymer of propylene and an a-otefin having 4 to 20 cartoon atoms (C4.20 a- 
olefin content: 5 mol% or less), an ethylene homopolymer and a copolymer of ethylene and an a-olefin having 3 or 
more carbon atoms (content of the a-olefin having 3 or more carbon atoms: 5 mol% or less). 
[0764] Examples of the functional segment having a glass transition temperature of lower than room temperature 
include homopolymers of an alkyi acrylate having an alkyi group of 1 to 20 carbon atoms or an alkyi methacrylate 
having an alkyi group of 4 to 20 cartDon atoms, and copolymers comprising two or more of the above alkyl(meth) 
acrylates. Exemplary alkyi (meth)acrylates used herein are butyl methacrylate, 2-ethylhexyl methacrylate, dodecyl 
methacrylate. methyl acrylate. ethyl acrylate. propyl acrylate, n-butyl acrylate. isobutyl acrylate. tert-butyl acrylate, 
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2-ethyihexyl acrylate. etc. Of these, butyl methacrylate, 2-ethylhexyl methacrylate, ethyl acrylate. n-butyl acrytate and 
2-ethylhexyi acrylate are preferred. 

[0765] The functional segment having a glass transition temperature of lower than room temperature may contain 
other radically polymerizable monomer within the limits not detrimental to the objects of the invention. Examples of the 
5 radically polymerizable monomer used herein Include styrene. acrylic acids, methacrylic acids, methyl methacrylate 
and ally! methacrylate. 

[0766] Examples of the segment having a glass transition temperature of lower than room temperature further include 
polymers of a conjugated diene. such as polybutadiene and polyisoprene. 

[0767] Examples of the polyolefin having a crystallinity of 30% or less include a copolymer of ethylene and an a- 
10 olefin having 3 to 20 carbon atoms (C3.20 a-olefin content: 10 to 50 mol%) and a copolymer of propylene and an a- 
olefin having 4 to 20 carbon atoms (C4.20 ot-olefin content: 1 0 to 50 mol%). 

[0768] Examples of the crystalline functional segment include polycaprolactone and polycapro lactam. 

[0769] Examples of the functional segment having a glass transition temperature of SO^'C or over include homopol- 

ymers and copolymers of acrylic acids, methacrylic acids, methyl methacrylate. acrylamide and 2-hydroxyethyl meth- 

15 acrylate. 

[0770] The glass transition temperature and the melting point can be detemnined based on the DSC method. The 

crystallinity can be obtained based on the X-ray diffractometry. , 

[0771] Specific examples of the preferred olefin block copolymer (A-1 ) include: 

20 a block copolymer wherein the segment PO^ is a homopolypropylene (crystallinity: 30 to 60, Mw: 2.000 to 

1 ,000,000), the linkage g^ is an ether linkage and the segment is poly(butyl acrylate) (glass transition temper- 
ature: -55 to -45*^0. Mw: 2,000 to 1,000,000); and 

a block copolymer wherein the segment PO^ Is an ethylene/butene random copolymer (crystallinity: 0 to 25. butene 
content: 5 to 30 moi%, Mw: 2,000 to 1 ,000,000), the linkage gi is an ether linkage and the segment is polystyrene 
25 (glass transition temperature: 1 00 to 120*^0, Mw: 500 to 1 ,000,000). 

(Tackifier (B)) 

[0772] The tackifier (B), which is used for the hot melt adhesive composition, is added for the purpose of controlling 
30 the viscosity of a base polymer, i.e., the olefin block copolymer (A-1) at the time of fusion and of improving hot tack 
and wetting properties. The tackifier (B) is not particularly limited as long as it can enhance, when compounded in the 
olefin block copolymer (A-1), hot tack and wetting properties on heating. 

[0773] Exemplary preferable tacklfiers are an alicyclic hydrogenated tackifier, a rosin, a modified rosin, esterlfied 
products thereof, an aliphatic petroleum resin, an alicyclic petroleum resin, an aromatic petroleum resin, a copolym- 
35 erized petroleum resin of an aliphatic component and an aromatic component, a low molecular-weight styrene resin, 
an isoprene resin, an alkylphenol resin, aterpenerestnandacoumarone-indene resin. In this invention, these tackifiers 
may be used either individually or in combination. 

[0774] The hot melt adhesive composition comprises the olefin block copolymer (A-1 ) In an amount of 1 0 to 90 parts 
by weight, preferably 20 to 85 parts by weight, more preferably 30 to 80 parts by weight, and the tackifier resin (8) in 
40 an amount of 90 to 1 0 parts by weight, preferably 80 to 15 parts by weight, more preferably 70 to 20 parts by weight 
based on the total 100 parts by weight of the olefin block copolymer (A-1) and the tackifier resin (B). 

(Other Components) 

45 [0775] The hot melt adhesive composition may contain various additives, such as a softener, a stabilizer, a filler, an 
antioxidant and a crystalline nucleating agent, within the limits not detrimental to the objects of the Invention. 
[0776] For example, waxes can be compounded for the purpose of lowering the melting viscosity of the hot melt 
adhesive composition and, thereby, of improving the workability. Examples of the usable waxes include natural waxes, 
such as paraffin wax and microcrystalline wax; synthetic waxes, such as petroleum wax and Sasol wax; and synthetic 

50 petroleum polyolefin waxes, such as coal wax, polyethylene wax and polypropylene wax. Synthetic petroleum polyolefin 
waxes may be modified according to necessity. 

[0777] Various conventionally known nucleating agents can be used as the crystalline nucleating agent without any 
specific limitations. Examples of the crystalline nucleating agent Include the aromatic phosphates, the benzylidene 
sorbitols, the aromatic carboxylic acids and the rosin nucleating agents described above. 

55 

(Preparation of Hot Melt Adhesive Composition) 

[0778] The hot melt adhesive composition may be prepared by introducing the olefin block copolymer (A-1). the 
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tackifier resin (B) and, according to necessity, various additives into such a mixer as a Brabender mixer in given pro- 
portions, melt-kneading them while heating and shaping the mixture into a desired form, for example into particles, a 
flake or a bar. 

s (Uses) 

[0779] The composition of the invention is molten with heat and applied on materials for coating such as clothes, 
kraft papers, aluminum foils or polyester films by a usual method to fomi an adhesive layer, and then submitted to use. 
[0780] Further, the hot-melt adhesive composition of the invention is used for hot-melt adhesives, and can be used 
10 for pressure-sensitive adhesives, printing inks and coating resins. 

[0781] The hot-melt adhesive composition of the invention has excellent thermo- resistant adhesion and thermo- 
resistant creep characteristics. 

Molded articles 

15 

[0782] The molded articles of the invention comprise the olefin block copolymer (A-1). or the olefin polymer compo- 
sition (D) comprising the olefin block copolymer (A-1) and themioplastic resins other than the copolymer (A-1). The 
olefin block copolymer (A-1) may contain two or more olefin block copolymers (A-1) having different compositions. 
[0783] The molded articles of the invention are molded articles for construction and civil engineering, automobile 
20 interior and exterior materials, gasoline tanks, electric and electronic parts, molded articles for medical care and san- 
itation, molded articles for miscellaneous goods, resin molded articles having environmental degradation properties, 
films or sheets, and films or sheets having a multi-layered structure. 
[0784] These will be described in order hereinafter. 

25 Molded articles for construction and civil engineering 

[0785] Firstly, the molded articles for construction and civil engineering according to the Invention are described. 
[0786] The molded articles for construction and civil engineering of the invention comprise the olefin block copolymer 
(A-1) or the olefin polymer composition (D). 
50 [0787] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), fomning the 
molded articles for construction and civil engineering, the PO^ segment desirably has a weight-average molecular 
weight of usually not less than 2,000, preferably 2,000 to 1 0,000,000, more preferably 1 0,000 to 1 0,000,000, especially 
10,000 to 200,000. 

[0788] Preferable examples of the PC segment are ethylene polymers such as ethylene homopolymer, ethylene/ 
35 a-olefin copolymer, ethylene/propylene/vinyl norbornene copolymer, ethylene/propylene/DMDT copolymer, ethylene/ 
cycloolefin/propylene/DMDT copolymer, ethylene/cycloolefin/propylene/conjugated diene copolymer, ethylene/cy- 
cloolefin/propylene/conjugated polyene copolymer, ethylene/aromatic vinyl copolymer, ethylene/aromatic vinyl/conju- 
gated polyene copolymer; 

propylene polymers such as propylene homopolymer, syndiotactic propylene/ethylene copolymer, atactic propyl- 
40 ene/ethylene copolymer and propylene/a-olefin copolymer; 

butene polymers such as butene homopolymer and butene/ethylene copolymer; and 
4-methyi-1-pentene polymers such as 4-methyl-1 -pentene homopolymer. 
f:)789] In the olefin block copolymer (A*1) and that contained in the olefin polymer composition (D), forming the 
' . tded articles for construction and civil engineering, the g"" linkage is preferably an ether linkage, ester linkage or 
45 amide linkage, further preferably ether linkage. 

[0790] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), forming the 
molded articles for constructton and civil engineering, the segment is a segment obtainable by chain polymerization, 
preferably a functional segment comprising repeating units of unsaturated hydrocarbon and/or repeating units of a 
hetero atom, more preferably a functional segment obtainable by radk:al polymerization, ring opening polymerization 
so or ionic polymerization, specifically, a functional segment obtainable by radical polymerization or ring opening polym- 
erization, 

[0791] Examples of the functional segment may include the same as in the above. The PO^ segment and the B^ 
segment each preferably comprise different polymers. 

[0792] The Bi segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
55 1 ,000,000, more preferably 2,000 to 1 ,000,000, further preferably 5,000 to 1 ,000,000. specifically 1 0.000 to 200.000. 
[0793] The B^ segment is contained in an amount, based on the c^^-fln block copolymer (A-1), of preferably 0.01 to 
99.99 wt%, preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 1 to 90 wt% 

[0794] The Olefin block copolymer (A-l ) and that contained in the olefin polymer composiiion (D). fonming the molded 
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articles for construction and civil engineering desirably have a melt flow rate (MFR as nneasured in accordance with 
ASTM D 1238, at 230' under a load of 2.16 Kg) of usually 0.01 to 200 g/10mln, preferably 0.05 to 100 g/10mln. more 
preferably 0.05 to 80 g/1 Omtn. 

[0795] The molded articles for construction and civil engineering according to the invention comprise the olefin block 
copolymer (A-1) or the olefin polymer composition (D). Such molded articles are useful In the wide fields of constmction 
and civil engineering, for example, floor coverings, floor tiles, floor sheets, sound insulating sheets, heal insulating 
panels, vibration dampers, decorative sheets, skirting boards, asphalt modifiers, gasket and sealing materials, roofing 
sheets and water-proof sheets. 

[0796] The molded articles for construction and civil engineering can be prepared by calender molding, extrusion 
molding, injection molding, blow molding, press molding or stamping molding in the same manner as the process for 
preparing the olefin block copolymer (A-1). 

[0797] The invention will be described in more detail with several suitable embodiments of the molded articles for 
construction and civil engineering in below. 

[0798] In the case that the molded articles for construction and civil engineering according to the invention are wall- 
papers, floor coverings (floor sheets or floor tiles), sound insulating sheets, decorative sheets, gasket and sealing 
materials, they are preferably formed from the olefin polymer composition (D) comprising the thermoplastic resin (C), 
an inorganic filler and a tackifier. Further the olefin polymer composition (D) may be foamed or cross-linking foamed. 
The foaming and cross-linking foaming may be carried out either after shaping or simultaneously with molding. 
[0799] The olefin block copolymer (A-1) used herein desirably comprises: 

the PO"* segment which is ethylene/cycloolefin copolymer (ethylene content: 1 to 99 wt%, Mw: 5x1 0^ to 5x10^), 
syndiotactic propylene/ethylene copolymer (propylene content: 50 to 99 mol%, Mw: 5x1 0^ to 5x1 0^), atactic pro- 
pylene/ethylene copolymer (propylene content: 50 to 99 moI%, Mw: 5x1 0^ to 5x1 0®), ethylene/a-olefin copolymer 
(ethylene content: 1 to 99 mol%, Mw: 5x1 0^ to 5x1 0^), ethylene/propylene/vinyl norbornene copolymer (ethylene 
content: 50 to 99 mol%, propylene content: 1 to 50 mol%, Mw: 5x1 0^ to 5x1 0^). ethylene/propylene/DMDT copol- 
ymer (ethylene content: 50to98mol%, propylene content: 1 to 50 mol%, Mw: 5x1 0^ to 5x1 0^), ethylene/cycloolefin/ 
propylene/DMDT copolymer (ethylene content: 40 to 97 mol%, cycloolefin content: 1 to 20 mol%, propylene con- 
tent: rto 39 mol%, Mw: 5x103 to 5x1 0^), or ethylene/aromatic vinyl copolymer (ethylene content: 1 to 99 mol%, 
Mw: 6x103 to 5x106), 

the g^ linkage which is an ether linkage, and 

the B' segment which is a styrene homopolymer (Mw: 2x1 0^ to 5x10^), methyl methacrylate homopolymer (Mw: 
2x1 0^ to 5x1 (fi), or styrene/ maleic anhydride copolymer (styrene content: 50 to 99 mol%, Mw: 2x1 0^ to 5x1 0®). 

[0800] Using the olefin block copolymer (A-1) having the above PO"" segment can prepare molded articles having 
excellent flexibility and also excellent impact resistance and mar resistance. Using the olefin block copolymer (A-1) 
having the above segment can prepare molded articles having excellent heat resistance and affinity with fillers. 
Further, using the olefin block copolymer (A-1) having the above B"" segment which is a homopolymer or copolymer 
of compounds having hydrophilic properties such as ethylene oxide, hydroxyethyl methacrylate or acryl amide can 
prepare molded articles having wet touch. 

[0801] In the case that the molded articles for construction and civil engineering are wallpapers, sound insulating 
sheets or decorative sheets, sheets or films prepared by calender or extrusion molding are stretched to form perforated 
films having good permeability. 

[0802] In the case that the molded articles for construction and civil engineering are vibration insulators, the molded 
articles preferably comprise the olefin polymer composition (D) comprising the thermoplastic resin (C), an Inorganic 
filler and a tackifier. The olefin polymer composition (D) is preferably cross-linked and then submitted to use. The cross- 
linking thereof improves the strength and oil resistance of the molded articles. 
[0803] The olefin block copolymer (A-1 ) used herein desirably comprises: 

the PO^ segment whch is ethylene/cycloolefin/propylene/conjugated diene copolymer (ethylene content: 50 to 97 
mol%, cycloolefin content: 1 to 35 mol%, propylene content: 1 to 45 mol%, Mw: 5x1 0^ to 5x1 0®), ethylene/cycloole- 
fin/propylene/conjugated polyene copolymer (ethylene content: 50 to 97 mol%, cycloolefin content: 1 to 35 mol%, 
propylene content: 1 to 45 mol%, Mw: 5x1 0^ to 5x1 0®), ethylene homopolymer (Mw: 5x1 0^ to 5x10®), ethylene/a- 
olefin copolymer (ethylene content: 1 mol% or more and less than 100 mol%, Mw: 5x1 0^ to 5x1 0^), ethylene/ 
aromatic vinyl/conjugated polyene copolymer (ethylene content: 2 to 98 mol%. aromatic vinyl content: 1 to 98 
moP/o, Mw: 5x103 to 5x106). 

the g^ linkage which is an ether or amide linkage, and 

the B' segment which is a homopolymer or copolymer of styrene, methyl methacrylate, maleic anhydride and £- 
caprolactam. 
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[0804] The segment is preferably contained In an amount of 1 to 99 wt% based on the olefin block copolymer (A*1 ). 
[0805] Using the olefin block copolymer (A-1) having the above PO^ segment can prepare molded articles which 
have a tan 5, as measured in dynamic viscoelasticity at room temperature, of not less than 0.2 by regulating the com- 
position and thereby have excellent vibration-damping properties, also have excellent toughness and strength. Further, 
5 using the olefin block copolymer (A-1) having the above segment can prepare the olefin polymer composition (D) 
having excellent affinity with fillers and molded articles having excellent heat resistance. 

[0806] In the case that the molded articles for construction and civil engineering are asphalt modifiers, the olefin 
block copolymer (A-1) desirably comprises: 

10 the PC segment which is ethylene/cycloolefin/propylene/conjugated diene copolymer, ethyiene/cycloolefin/pro- 

pylene/conjugated polyene copolymer, (ethylene content: 50 to 97 mol%: cycloolefin content: 1 to 30 mol%, pro- 
pylene content: 1 to 40 mol%, Mw: 5x1 0^ to 5x1 0^), or ethylene/a-olefin copolymer (ethylene content: 1 to 99 
mol%, Mw: 5x10^ to SxlO^). 

the g** linkage which is an ether or amide linkage, and 
IS the 8^ segment which is a homopolymer or copolymer of styrene. methyl methacrylate, maieic anhydride and e- 

caprolactam. 

[0807] The segment is preferably contained in an amount of 1 to 99 wt^/o based on the olefin block copolymer (A-1 ). 
[0808] The olefin block copolymer (A-1) having the above PO^ segment has excellent heat stability in blending with 
20 asphalt. The olefin block copolymer (A-1 ) having the 8"* segment has excellent compatibility with asphalt. Further, after 
application and setting of asphalt, the strength and heat resistance are improved. 

[0809] In the case that the molded articles for construction and civil engineering are gasket and sealing materials, 
roofing sheets and water proof sheets, the molded articles preferably comprise the olefin polymer composition (D) 
comprising the thermoplastic resin (C), inorganic fillers and the like. For application of roofing sheets and water proof 
25 sheets, the olefin polymer composition (D) is preferably cross-linked and then submitted to use. The cross-linking 
thereof improves the strength and oil resistance of the molded articles and further the pinhole resistance and penetration 
resistance are Improved. 

[0810] For application of gasket and sealing materials, the olefin polymer composition (D) is preferably cross-linked 
and foamed, and then submitted to use. Furthenmore, the olefin polymer compositions (D) were immersed in a solution 
30 State in clothes, etc^ and a solvent is evaporated and then they may be submitted to use as gasket and sealing materials, 
roofing sheets and water proof sheets. 

[0811] The olefin block copolymer (A-1 ) used herein desirably comprises: 

the PC* segment which is elhylene/a-olefin/conjugated diene copolymer or elhylene/a-olefin/conjugated polyene 
35 copolymer (ethylene content: 50 to 98 mol%, a-olefin content: 1 to 48 mol%, Mw: 5x1 0^ to 5x10^), ethylene/cy- 

cloolefin/propylene/conjugated polyene copolymer (ethylene content: 50 to 97 mol%, cycloolefin content: 1 to 30 
mol%, propylene content: 1 to 40 mol%, Mw: 5x10^ to 5x10^), or ethylene/aromatic vinyl/conjugated diene copol- 
ymer (ethylene content: 50 to 98 mol%, aromatic vinyl content: 1 to 30 mol%, Mw: 5x1 0^ to 5x10®), 
the g*" linkage which is an ether or amide linkage, and 
40 the B^ segment which is a homopolymer or copolymer of styrene, methyl nnethacrylate, maieic anhydride and e- 

caprolactam. 

[081 2] The 81 segment is preferably contained in an amount of 1 to 99 wt% based on the olefin block copolymer (A-1 ). 
[0813] The molded articles for construction and civil engineering according to the present invention satisfy various 
45 requirements for uses as construction and civil engineering. 

Automobile interior and exterior materials and gasoline tanks 

[0814] Next, the automobile interior and exterior materials and gasoline tanks according to the invention will be 
50 described. 

[0815] The automobile interior and exterior materials and gasoline tanks according to the Invention comprise the 
olefin block copolymer (A-1) or the olefin polymer composition (D). 

[0816] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), forming the 
automobile interior and exterior materials and gasoline tanks, the PO^ segment desirably has a weight-average mo- 
55 lecular weight of usually not less than 2,000, preferably 2,000 to 10,000,000, more preferably 1 0,000 to 1 ,000,000. 
[0817] Preferable e;:amples of the PC segment are ethylene polymers such as ethylene homopolymer. ethylene/ 
a-oiefin copolymer. -r-'r^ylene/propyleneA^inyl norbomene copolymer, ethylene/propylene/DNDT copolymer, ethylene/ 
cycloolefin/propylent: IjMDT copolymer, ethylene/cycloolefin/propylene/conjugated diene copolymer, ethylene/cy- 
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cloolefin/propylene/conjugated polyene copolymer, ethylene/aromatic vinyl copolymer, elhylene/aromatic vinyl/conju- 
gated polyene copolymer; 

propylene polymers such as propylene homopolymer, syndlotaclrc propylene/ethylene copolymer, atactic propyl- 
ene/ethylene copolymer and propylene/a-olefin copolymer; 

butene polymers such as buiene homopolymer and butene/ethylene copolymer; and 

4-melhyl-1-peniene polymers such as 4-melhyI-1-penlene homopolymer. 
[0818] Of the PO^ segments, a-olefin polymers are preferable, ethylene polymers and propylene polymers are more 
preferable, and propylene polymers are most preferable. 

[0819] Examples of the propylene polymer may Include a propylene homopolymer and copolymers comprising pro- 
pylene, and up to 10 mol% of ethylene and/or an a-olefin of 4 or more carbon atoms. The olefin block copolymers (A- 
1) having such polyolefin segment are particularly suitable for automobile interior and exterior materials. 
[0820] Examples of the ethylene polymer may include an ethylene homopolymer and a copolymer of ethylene and 
an a-olefin of 3 or more carbon atoms. Specifically, the copolymer of ethylene and an a-olefin of 3 or more carbon 
atoms preferably has a molar ratio of ethylene to a-olefin of about from 100/0 to 50/50. The olefin block copolymers 
(A-1) having such polyolefin segment are partlculariy suitable for uses as gasoline tanks. Further examples of the 
ethylene polymer may include copolymers comprising ethylene, and optionally an a-olefin of 3 or more carbon atoms, 
and a cycloolefin The olefin block copolymers (A-1) having such polyolefin segment are particularly suitable for uses 
as automobile interior materials. 

[0821] When the PQi segment is a propylene polymer, the value of a stereoregularity index [M5], as determined by 
the following formula (9) is desirably from 0.970 to 0.995 and the value of a stereoregularity Index [M3I, as determined 
by the following formula (10) is desirably from 0.0020 to 0.0050. 



[0822] In the formula (9), [Pmmm] is absorption intensity assigned to a methyl group of the third unit in five sequential 
propylene units of an isotactic part, and [Pw] is absorption intensity assigned to methyl group of propylene units. 



[0823] In the fomiula, 

[PmmrmI is absorption Intensity assigned to a methyl group of the third unit in five sequential propylene units 
having a structure represented by wherein propylene unit is represented by ^, 

[Pmrmr] is absorption intensity assigned to a methyl group of the third unit in five sequential propylene units having 
a structure represented by ^ji\vherein propylene unit is represented by J 

[Pmrrr] is absorption intensity assigned to a methyl group of the third unit in five sequential propylene units having 
a structure represented by ^^J, wherein propylene unit is represented by 

[Pnnrr] is absorption intensity assigned to a methyl group of the third unit in five sequential propylene units having 
a structure represented by ,^ J wherein propylene unit Is represented by \ 

[Pnmmr] is absorption intensity assigned to a methyl group of the third unit in five sequential propylene units having 
a structure represented by wherein propylene unit is represented by ^ 

[Prnrr] is absorption intensity assigned to a methyl group of the third unit in five sequential propylene units having 
a structure represented by YV wherein propylene unit is represented by and 
[Pw] is absorption intensity assigned to a methyl group of propylene units. 

[0824] The stereoregularity index [M5] of the propylene components is determined from absorption intensities of 
Pmmmm, Pw, Say, Sa6+ and T5*5+ in ""^C-NMR spectrum by the fonnula (9). 

[0825] The stereoregularity index [M3] is determined from absorption intensities of Pmmm, Pmrmr, Pmrrr, Pnnrr, 
Pnnmr. Prrn-, Pw. Say, Sa6+ and T6+6+ In ^^c-NMR spectmm by the fonnula (10). 

[0826] The stereoregularity indexes [M5] and [N3] used for evaluation of the above stereoregularity of polypropylene 
will be described In detail. 

[0827] When polypropylene is a propylene homopolymer, for example. It is represented by the following fonnula (11). 



[Pmmmm I 
jPwl 



fM3l = 



[Pmmrm] + | Pmrmr] + [Pmrrr] + [Pmrirr] + [Prmmr] [Prrrrl 

|Pw] 



(10) 
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Me' Me^ Me^ Me" Me^ Me* 

I I " I « I ...01) 

... - (C-C) - (C-C) - (C-C) - (C-C) - (C-C) - (C-C) - (C-C) .... 

Me' 

[0828] The stereoregularity represented by the formula (11 ) is evaluated by a ratio of Pmmmm to Pw, i.e. the value 
[MS) determined from the formula (9) wherein, In the five sequential propylene units represented by Jhi^nrvVn+nJ, where 
a propylene unit 

Me 
I 

-(c-o- 

is abbreviated to as », ^ is abbreviated to as m (meso) and \ is abbreviated to as r (rasemo), Pmmmm Is absorption 
Intensity assigned to a methyl group of the third unit (for example, Me^, Me*) In i^C-NMR spectrum and Pw is absorption 
Intensity assigned to all methyl groups (Mei, Me^, Me^, •••) in propylene units. 

[0829] Further, when boiling heptane-insoluble components contain constitutional units derived from olefins other 
than propylene units, for example, a small amount of ethylene units, the insoluble components are represented by the 
following formula (12) or (13). The fomiuia (12) shows the case that sequential propylene units contain one ethylene 
unit, and the formula (13) shows the case that sequential propylene units contain sequential ethylene units of two or 
more ethylene units. 

Mjs' Me^ ijle^ i^e"* t^e^ NJe^ Me* 

- (C-C)- (C-C)- (C-O- (C-O- (C-C»). (C'-CV (C'-CV (C-C)- (C-C) - •• • 

♦ t 

Secy Say 

... (12) 



Me» Me^ l^e^ Me^ Me^ j4e« Mc^ Me* 

- • ic^cy (C-O- (cc). (c-c> (c-c^> (c'cy (c-Qd- (c-c^> (C^-O .(c- c) -(cc) • 

Sa6* SaS* 

... (13) 

(n is 0 or a positive integer.) 

[0830] In the cases, the absorption intensity assigned to methyl groups other than a methyl group of the third unit in 
the five sequential propylene units (in the fonnulas (12) and (13), Me*, Me^, Me® and Me^) have to be excluded theo- 
retically in evaluation of the stereoregularity. However, the absorption of these methyl groups is observed by overlapping 
with the absorption of other methyl groups so that the determination thereof is difficult. 

[0831 ] In the case that the propylene polymer is represented by the fomiuia (1 2), using the absorption intensity (Say) 
in assigned to a secondary carbon (C*), which Is present in ethylene units and linked to the tertiary carbon 

(CO) In propylene units and the absorption intensity (Say) in i^c-NMR assigned to a secondary carbon (C^), which is 
present in propylene units and linked to the secondary carbon (C^) in ethylene unit, the overlapped absorption is 
excluded. 
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[0832] That is, the absorption intensities assigned to methyl groups (Me"^, Me^, Me^ and Me^) other than nnethyl 
group of the third unit in five sequential propylene units are excluded by subtracting twice the absorbing intensity (Soy) 
assigned to a secondary carbon which is present in the main sequence, is of two tertiary carbons nearest the secondary 
carbons (C^ or C^), where one (Ca or Cb) is at a-position and the other {CP or C®) is at y-position, from Pw. 
[0833] In the case that the propylene polymer Is represented by the formula (13), using the absorption Intensity 
(Sa5+) in ^^C-NMR assigned to a secondary carbon (C^), which is a secondary carbon in sequential ethylene units of 
two more ethylene units and linked to a tertiary carbon (C**) in propylene units and the absorption intensity (Sa5*) 
in ''^C-NMR assigned to a secondary carbon (C^), which is a secondary carbon in propylene units and linked to a 
secondary carbon (C^) in sequential ethylene units of two or more units, the overlapped absorption is excluded. 
[0834] That is, the absorption intensities assigned to methyl groups (Me^, Me^, Me^ and Me"^) other than methyl 
group of the third unit in five sequential propylene units are excluded by subtracting twice the absorbing intensity (SaS-*-) 
assigned to a secondary carbon which is present in the nriain sequence, is of two tertiary carbons nearest the secondary 
carbons (C^ or C^). wherein one (C^ or C^) is at a-position and the other (C^ or is at 5-position or at a detached 
position from the 5-position, from Pw. 

[0835] Therefore, the stereoregularity of the propylene polymers of the formula (12) and (13) can be evaluated by 
the value detemiined from the following formula (14). 



[0836] Further, the propylene polymers, which contain a small amount of ethylene units and one propylene unit in 
sequential ethylene units, can be represented by. for example, the following formula (15). 



[0837] In this case, in application of the fomriula (14), as It is, there are five methyl groups to be excluded (Me"^. Me^, 
Me^, Me^ and Me^), but there are four methyl groups corresponding to Say or Sa6*. Therefore, it is necessary to 
exclude additional three methyl groups other than the central methyl group in five sequential propylene units so that 
further correction is required. 

[0838] Then, this is corrected using the absorption intensity in i^C-NMR assigned to tertiary carbon of propylene 
units contained in sequential ethylene units. 

[0839] That is, this is corrected by adding three times the absorbing intensity (T5'*'5'*') assigned to a tertiary carbon 
(C^), which is present in the main sequence, is of two tertiary carbons(C', C9) nearest the tertiary carbon, wherein one 
(C^ is at 6-position or at a detached position from the 5-position and the other (C9) is at S-position or at a detached 
position from the 6-position. to Pw. 

[0840] Therefore, the stereoregularity of the propylene polymers can be evaluated by the value of stereoregularity 
index [M5] determined from the formula (9). 

[0841] The formula (14) are not different from the fonmula (9) but is a special case of the formula (9). According to 
constitutional units other than propylene unit, there is optionally a case where the above correction is unnecessary. 
[0842] In the formula (10) for determination of the [MJ stereoregularity index, [PmmrmJ, [Pmrmr], [Pmrrr], [Prnirr), 
[Prmmr] and [Prrrr] are each absorption intensity assigned to a methyl group of the third unit of five sequential propylene 
units having a structure such that three methyl groups are in the identical direction and two are in the opposite direction, 
of methyl groups of five sequential propylene units In propylene unit linkage (hereinafter referred to as M3 structure). 
That iS: the value of the stereoregularity index [N3] determined by the formula (10) shows a proportion of the M3 structure 
in the propylene unit linkage. 

[0843] In the invention, the propylene polymer forming polyolefin segment of the olefin block copolymer (A-1 ) has a 



[ Pmmmmj 



(14) 



|Pw] -2 {[Say\ + tSaS^j) 



T8V 




(15) 
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value of the stereoregularity Index [Mg] determined by the fomnula (9) of usually from 0.970 to 0.995, and a value of 
the stereoregularity Index [M3] determined by the formula (10) of usually from 0.0020 to 0.0050. so that it has a very 
long meso chain (propylene unit linkage where a-methyl carbons are in the identical direction). 
[0844] The [M3] value is preferably from 0.0023 to 0,0045, more preferably 0.0025 to 0.0040. 
[0845] In general, propylene polymers having a small value of the stereoregularity Index [M3) have long meso chain. 
However, in the case of propylene polymers having an extremely large value of the stereoregularity Index [M5J and a 
very small value of the stereoregularity Index (M3), when having the almost same stereoregularity Index [MJ. propylene 
polymers having a larger value of the stereoregularity Index [M3] optionally have long meso chain. 
[0846] For example, as compared with polypropylene having the following structure (s1) and polypropylene having 
the structure (s2), the polypropylene of the structure (s1) having the M3 structure has longer meso chain than one of 
the polypropylene of the structure (s2) having no M3 structure, provided that the structures (s1 ) and (s2) each comprise 
1003 propylene units. 
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[0847] The value of the stereoregularity Index [M5] of the polypropylene of the structure (si ) is 0.986 and the value 
of the stereoregularity Index [M5] of the polypropylene of the structure (s2) is 0.985, so that the stereoregularity values 
are approximately the same. However, in the polypropylene of the structure (s1) having the M3 structure, meso chain 
contains on the average 497 propylene units, while in the polypropylene of the structure (s2) having no M3 stmcture, 
meso chain contains on the average 250 propylene units. That is, polypropylene having an extremely large value of 
the stereoregularity Index (M^J has an extremely small proportion of the structure represented by r (racemo) contained 
in sequential propylene units. Therefore, polypropylene having the M3 structure, in which the r (racemo) structures are 
present in a concentrated condition, has longer meso chain than that of polypropylene having no M3 structure, In which 
the r (racemo) structures are present in a dispersed condition. 

[0848] The values of the stereoregularity Index [Mg] and [M3) are determined from the peak intensity based on each 
structures in ^^c-NMR and the total of the peak intensities measured in the following manner 

[0849] In measurement of ^^C-NMR, 0.35 g of the olefin block copolymer (A-1) is dissolved with heat in 2.0 ml of 
hexachlorobutadiene. The solution is filtered with a glass filter (G2) and therein 0.5 ml of heavy hydrogenated benzene 
Is fed in an NMR tube having an inner diameter of 10 mm, and ^^C-NMR measurement is carried out at 120''C using 
NMR measuring apparatus Model GX-500 manufactured by Nippon Denshi Co., Ltd. The integration is conducted 
10,000. times or more. 

[0850] The automobile interior and exterior materials, and gasoline tanks according to the invention, which comprises 
the olefin block copolymer (A-1) having the P01 segment as described In the above or the olefin polymer composition 
(D) containing the olefin block copolymer (A-1 ) are preferred because of having excellent rigidity and impact resistance. 
[0851] In the olefin block copolymer (A-1 ) or the olefin btock copolymer (A-1 ) contained in the olefin polymer com- 
position (D), which copolymer forms automobile interior and exterior materials, and gasoline tanks, the g** linkage is 
an ether linkage ester linkage or amide linkage, and preferably ether linkage. 

[0852] In the olefin block copolymer (A-1 ) or the olefin btock copolymer (A-1 ) contained in the olefin polymer com- 
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position (D). forming automobile interior and exterior materials, and gasoline tanks, the segment is obtainable by 
chain polymerization reaction, and Is a functional segment having a weight-average molecular weight of 500 or more, 
preferably a functional segment comprising repeating units containing an unsaturated hydrocarbon and/or repeating 
units containing a heiero atom, more preferably a functional segment obtainable by radical polymerization, ring opening 
polymerization or ionic polymerization, specifically a function segment obtainable by radical polymerization or ring 
opening polymerization. 

[0853] Examples of the functional segment may include the same as descrftied in the above. It is preferred that the 
PO^ segment and the segment comprise different polymers each other 

[0854] The B^ segment desirably has a weight-average molecular weight of usually 500 or more, preferably from 
500 to 1 ,000,000. more preferably 2,000 to 1 ,000,000. 

[0855] Examples of the B"* segment are preferably a segment.which contains an unsaturated hydrocartDon and/or a 
hetero atom and is obtainable by radical reaction or ring opening reaction, more preferably at least one selected from 
styrene polymer, vinyl acetate polymer, acrylate polymer, methacrylate polymer, vinylfomnamide polymer, acrylamide 
polymer, cyclic ester polymer, cyclic amide polymer, cyclic ether polymer, oxazoline polymer and fluorine-containing 
polymer. 

[0856] The automobile interior and exterior materials and gasoline tanks, which comprise the olefin block copolymer 
(A-1) having the B^ segment according to the invention are preferred because of having excellent rigidity and oil re- 
sistance. 

[0857] The B^ segment Is contained in an amount of preferably from 0.01 to 99.99 wt%, more preferably 1 to 99 
wt%. further preferably 1 to 95 wt% based on the olefin block copolymer (A-1). 

[0858] The olefin block copolymer (A-1 ) or the olefin block copolymer (A-1 ) contained in the olefin polymer compo- 
sition (D), which copolymer forms automobile interior and exterior materials, and gasoline tanks, has a melt flow rate 
(MFR; ASTM D123B, 230'»C, load 2.1 6 Kg) of usually from 0.01 to 200 g/10 min, preferably 0.05 to 100 g/10 min. more 
preferably 0.05 to 80 g/1 0 min. 

[0859] Among the olefin block copolymers (A-1 ), those in which the PC segment is an a-olefin polymer, preferably 
propylene polymer and the B^ segment is (meth)acrylate ester are preferably employed for uses as automobile Interior 
and exterior materials. Further, those in which the PO^ segment is an ethylene polymer and the B'' segment is (meth) 
acrylate ester are preferably employed for uses as gasoline tanks. Furthennore. those in which the PO** segment is 
an ethylene/a-olefin copolymer and the B^ segment is an aromatic vinyl compound copolymer are preferably employed 
for uses as gasoline tanks. Moreover, those in which the PO^ segment Is a copolymer of ethylene and optionally an 
a-olefin of 3 or more carbon atoms and a cycloolefin and the B'' segment is an aromatic vinyl compound copolymer 
are preferably employed for uses as mudguard. 

[0860] The automobile interior and exterior materials and gasoline tanks, which comprise the olefin copolymer com- 
position (D). are preferred because of having excellent rigidity, impact resistance, oil resistance and surface hardness. 
[0861 ] Examples of automobile interior and exterior materials of the olefin polymer composition (D) are bumper, side 
mole, mirror cover, mudguard, console box, etc. 

[0862] The automobile interior and exterior materials and gasoline tanks according to the present invention can be 
prepared by molding the olefin block copolymer (A-1) or the olefin polymer composition (D) by known processes. 
Particularly, preferable molding processes for preparing the automobile interior and exterior materials are injection 
molding, extrusion molding and hollow molding, and a preferable molding process for preparing the gasoline tanks is 
blow molding. 

[0863] The present invention can provide the automobile interior and exterior materials and gasoline tanks having 
well-balanced properties in excellent rigidity, impact resistance, oil resistance, heat resistance and mar resistance. 

Electric and electronic parts 

[0864] In the next place, the electric and electronic parts of the invention are described. 

[0865] The electric and electronic parts of the invention are formed from the above olefin block copolymer (A-1) or 
the above olefin polymer composition (D). 

[0866] In the olefin block copolymer (A-1) or the olefin block copolymer (A-1) contained in the olefin polymer com- 
position (D), forming electric and electronic parts, the PO^ segment desirably has a weight- average molecular weight 
of usually 2,000 or more, preferably from 2,000 to 10,000.000, more preferably 10.000 to 10,000.000, specifically 
10,000 to 200,000. 

[0867) Preferred examples of the PO^ segment may include ethylene polymers such as ethylene homopolymer and 
ethylene/a-olefin copolymer; propylene polymers such as propylene homopolymer and propylene/a-olefin copolymer; 
butene polymers such as butene homopolymer and butene/ethylene copolymer; and 4-methyl-1-pentene polymers 
such as 4-methyl-1-pentene homopolymer. 

[0868] In the olefin block copolymer (A-1 ) or that contained in the olefin polymer composition (D), which copolymer 
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forms electric and electronic parts, the linkage is an ether linkage, ester linkage or amide linkage, and preferably 
ether linkage. 

[0869] In the olefin block copolymer (A-l ) or that contained in the olefin polymer composition (D), which copolymer 
forms electric and electronic parts, the segment is a functional segment obtainable by chain polymerization reaction, 
5 preferably a functional segment comprising units containing an unsaturated hydrocarbon and/or repeating units con- 
taining a hetero atom, more preferably a functional segment obtainable by radical polymerization, ring opening polym- 
erization or ionic polymerization, specifically a functional segment obtainable by radical polymerization or ring opening 
polymerization. 

[0870] Examples of the functional segment may include the same as described in the above. It is preferred that the 
10 PO^ segment and the segment comprise different polymers each other. 

[0871] The B^ segment desirably has a weight -average molecular weight of usually 500 or more, preferably from 
500 to 1,000.000, more preferably 2,000 to 1.000.000. further preferably 5,000 to 1,000.000. specif cally 10,000 to 
200,000. 

[0872] The B^ segment is contained in an amount of preferably from 0.01 to 99.99 wt%, more preferably 1 to 99 

15 wt%, further preferably 1 to 95 wt%, specifically 1 to 90 wt% based on the olefin block copolymer (A-1). 

[0873] The olefin block copolymer (A-1 ) or the olefin block copolymer (A-1 ) contained In the olefin polymer compo- 
sition (D), which copolymer fonns electric and electronic parts, has a melt flow rate (MFR; ASTM D1238, 230**C, load 
2.16 Kg) of usually from 0.01 to 200 g/10 min, preferably 0.05 to 100 g/10 min, more preferably 0.05 to 80 g/10 min. 
[0874] The electric and electronic parts according to the invention are useful in a wide field of application as materials 

20 for various electric and electronic parts, which are molded with various processes. 

[0875] Examples of the electric and electronic parts may include covering materials for electric wires used as electric 
insulating materials for electric wires; magnetic recording mediums, binders of magnetic recording mediums, and seal- 
ants for electric circuits used as tools and materials for treating electronic parts; tools and materials for vessels such 
as materials for home electric appliances, vessels for microwave ovens; films used for microwave ovens, polymer 

25 electrolyte materials and conductive alloy materials. 

[0876] Further examples of the electric and electronic parts may include connecters, sockets, resistors, relay cases, 
switches, coil bobbins, condensers, variable condenser cases, light-pick-up cases, light connecters, oscillators, various 
temiinal assembly transfonmers, plugs, printed wiring boards, tuners, speakers, microphones, head phones, small- 
sized motors, magnetic head bases, power modules, housings, semiconductors, liquid crystal display parts, FDD car- 

30 riages, FDD chassis, HDD parts, motor brush holders, parabola antennas and computer-related materials. 

[0877] Furthemriore, examples of the electric and electronic parts may include parts for home electric appliances, 
such as VTR parts i.e. television parts, irons, hair dryers, rice cooker parts, microwave oven parts, sound machinery 
and tool parts I.e. sounder parts, audio-leaser disc-compact discs etc, illuminator parts, refrigerator parts, air conditioner 
parts, typewriter parts, word processor parts; parts for office electric appliances, office computer-related parts, tele- 

35 phone instrument parts, facsimile-related parts, duplicator-related parts, materials for shielding electromagnetic wave, 
speaker cone materials and speaker oscillators. 

[0878] The electric and electrons parts of the Invention can be prepared by calender molding, extrusion molding, 
injection molding, blow molding, press molding or stamping molding in accordance with the objective use in the same 
manner as the process for preparing the olefin block copolymer (A-1). 

40 [0879] The injection-molded articles of the olefin block copolymer (A-1) or the olefin polymer composition (D) are 
hardly charged and have excellent rigidity, heat resistance, impact resistance, surface gloss, chemical resistance and 
abrasion resistance, so that they can be widely used for housings of home electric appliances and vessels. 
[0880] Non-limiting examples the electric and electronic parts prepared using the olefin block copolymers (A-1 ) ac- 
cording to the invention are described in below. 

45 [0881] In the case of using the olefin block copolymers (A-1) as covering materials for electric wires, it is prefened 
to mold by extrusion molding. The olefin block copolymers (A-1) used herein desirably have the PQi segment being 
an a-olefin copolymer Preferable examples of the a-olefin copolymer are propylene polymers, and more preferable 
are syndiotactic polypropylene polymers (Mw: 1 0,000 to 1 ,000.000) and copolymers of ethylene, a cycloolefin and 
optionally an a-olefin of 3 or more carbon atoms (ethylene content: 1 to 99 mol%, a-olefin content: 0 to 50 mol%, 

so cycloolefin content: 1 to 50 mol%, Mw: 10,000 to 1 ,000,000). Preferable examples of the a-olefin of 3 or more cartDon 
atoms are propylene and butene. The above syndiotactic polypropylene may be copolymerized with 49 mol% or less 
of other a-olefins. In the fomnula (I), it is preferred that the g^ linkage be an ether linkage and the B^ segment be a 
(meth)acrylate ester polymer (Mw: 500 to 1 .000,000) or aromatic vinyl compound polymer (Mw: 500 to 1 ,000,000). 
Examples of the (meth)acrylate ester polymer may include potymethyl methacrylate (PMMA) and examples of the 

55 aromatic vinyl compound polymer may include polystyrene. In the case that the PO^ segment is syndiotactic polypro- 
pylene as described in the above, the resulting materials have high dielectric strength properties. In the case that the 
PO^ segment Is an ethylene/propylene/cycloolef in copolymer, the copolymers have excellent motdabllity so that electric 
wire-covering materials having excellent shape memory properties can be obtained. In the case that the B^ segment 
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is polymethyl methacrylate or polystyrene, the copolymers have excellent moldabitity and further excellent heat resist- 
ance and adhesiveness with Inorganic fillers so that electric wire-covering materials having excellent elongation at 
break can be obtained. These olefin block copolymers may be usually used singly or used simultaneously with inorganic 
fillers such as magnesium hydroxide or crosslinking agents such as vinyl trimethoxy silane. In the invention, it is pre- 
ferred to use simuitaneously with Inorganic filters such as magnesium hydroxide or crosslinking agents such as vinyl 
trimethoxy silane. 

[0882] In the case thai the olefin block copolymer (A-1) is used as gasket materials for refrigerators, it is preferable 
to mold with extrusion molding, contour extrusion molding or expansion molding. 

[0883] With regard to the olefin block copolymer (A-1 ), the segment PO^ is preferably an ethylene/a-olefin/noncon- 
jugated polyene copolymer (ethylene content: 50 to 98 mol%, a-olefin content: 1 to 49 mol%, Mw: 1 0,000 to 1 ,000,000). 
Of these, ethylene/propylene/nonconjugated diene copolymer (ethylene content: 50 to 98 mol%, propylene content: 1 
to 49 mol%, Mw: 10.000 to 1,000,000) and ethylene/propylene/nonconjugated triene copolymer (ethylene content: 50 
to 98 mol%, propylene content: 1 to 49 mol%. Mw: 10,000 to 1,000,000) are preferable. Further, the g^ linkage is 
preferably an ether linkage and the segment is preferably a (meth)acrylate ester polymer (Mw: 500 to 1 ,000.000) 
or aromatic vinyl compound polymer (Mw: 500 to 1 ,000,000), and further the B** segment is preferably polymethyl- 
methacrylate or polystyrene. It is usually preferred that the gasket materials be molded by crosslinking expansion using 
foaming agents, crosslinking agents or inorganic fillers. When ttie PC segment is ethylene/propyl en e/nonconju gated 
diene or ethylene/propylene/nonconjugated triene copolymer, crosslinking expansion molded articles in which cells 
are foamed uniformly can be prepared, and thereby gasket materials having excellent compression permanent stress 
and heat resistance can be prepared. 

[0884] When the B*" segment is polymethylmethacrylate or polystyrene, the copolymers have excellent moldability 
particularly excellent contour extrusion properties, and further have excellent heat resistance and adhesiveness with 
inorganic fillers so that gasket materials less susceptible to whitening can be prepared. 

[0885] In the case that the olefin block copolymers (A-1) are used for optical materials, it is preferable to mold with 
injection molding or compression molding. With regard to the olefin block copolymer (A-l) used herein, the segment 
PO^ is preferably an ethylene/cycloolefin copolymer (ethylene content: 50 to 99 mol%, Mw: 10,000 to 1 ,000,000), the 
g*" linkage is preferably an amide linkage and the B"" segment is preferably a polymer obtainable by ring opening 
polymerization of a cyclic amide compound (Mw: 500 to 1 .000.000), Examples of the B^ segment may include nylon 
6. When the PC segment is an ethylene/cycloolefin copolymer and has an ethylene content of 60 mol% or less, the 
resins having very high rigidity and excellent transparency can be prepared. When the B^ segment is nylon 6. the 
materials having excellent toughness can be prepared. Generally, the transparency of resins is decreased by blending 
an ethylene/ cycloolefin copolymer and nylon 6. However, using the block copolymers of the invention, nylon 6 is 
dispersed finely so that materials having excellent transparency and high toughness can be prepared. 
[0886] In the case of using the olefin block copolymer (A-1 ) as magnetic recording materials, the olefin block copol- 
ymer (A-1) used herein has, for example, the PC segment being an ethylene/butene copolymer (ethylene content: 1 
to 99 mol%, Mw: 1 0,000 to 1 .000,000), the g^ linkage being an ether linkage and the B^ segment containing side-chain 
liquid crystals (Mw: 500 to 1 ,000,000). Examples of the B^ segment containing side-chain liquid crystals may include 
poly(vinyl-4-(methoxycinnamoyloxy alkyloxy)biphenyl, poly(2-(4'-cyano-4-biphenyloxy) ethylvinylether), etc. 
[0887] In the use of the olefin block copolymer (A-1) as binders of magnetic recording materials, it is preferred to 
mold by extrusion molding, coating or multi-layer extrusion molding. With regard to the olefin block copolymer (A-1), 
the segment PO^ is preferably an ethylene/a-olefin copolymer (ethylene content: 1 to 99 mol%, Mw: 10,000 to 
1 ,000,000), more preferably ethylene/butene copolymer. Further, the g^ linkage is preferably ether linkage and the B^ 
segment is preferably a polymer of an aromatic vinyl compound (Mw: 500 to 1 ,000,000), for example, polystyrene. 
Further, the polystyrene part is preferably graft-modified with a sulfonic acid group, so that the copolymers are improved 
in adhesion properties as binders. When the PC segment Is an ethylene/butene copolymer, the binder materials having 
excellent fluidity and resistance to water absorption can be prepared. The olefin block copolymer (A-1) and magnetic 
powder are kneaded so that excellent magnetk: recording materials can be prepared. In this case, the blending ratio 
of the olefin block copolymer (A-1) to the magnetic powder (olefin block copolymer (A-1)/magnetic powder: weight 
ratio) is preferably from 99/1 to 10/90. The materials are also preferably used for stationary such as plastic magnets. 
[0888] In the case of using the olefin block copolymers (A-1 ) as polymer electrolytes, the PC segment is preferably 
an ethylene (co)polymer (Mw: 10,000 to 1 ,000,000), more preferably polyethylene (Mw: 10,000 to 1 ,000,000) or an 
ethylene/a-olefin copolymer (ethylene content: 1 to 99 mol%, Mw: 10.000 to 1 .000,000). Further, polypropylene (Mw: 
10,000 to 1 ,000,000) and poly-4-methyl-1-pentene (Mw: 10,000 to 1.000.000) are preferably used. The g^ linkage is 
preferably an ether linkage and the segment is preferably a polymer of (meth)acrylate ester (Mw: 500 to 1 ,000,000) 
or polyalkylene glycol (Mw: 500 to 1 ,000,000), more preferably a polymer of butylacrylate, acrylamide or ethylene oxide. 
By the addition of a lithium salt-aqueous solution, non-aqueous solution, etc to the olefin block copolymer (A-1), solid 
electrolyte materials can be prepared. The use of these materials makes gelation, which is usually required, unneces- 
sary. 
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[0889] In the case of using the olefin block copolymers (A-1) as films, sheets and injection molded materials for 
shielding from electromagnetic waves, it is preferred to mold by extrusion molding or injection molding. The olefin block 
copolymers (A-1) used herein preferably have the PO^ segment being an ethylene/a-olefin/cyctoolefin copolymer (eth- 
ylene content: 1 to 98 mol%.a-olef in content: 1 to 50 mol%,cycloolef in content: 1 to49mol%, Mw: 1 0.000 to 1 .000.000), 

s and propylene is preferable as the a-olefin. The linkage is preferably an ether linkage. The B"* segment is preferably 
a polymer of hydroxyalkyl(meth)acrylale (Mw: 500 to 1 ,000,000). more preferably a polymer of (2-hydroxyethyl)acryiate. 
Further, the olefin block copolymer (A-1) is blended with metal powder such as copper and/or silver by kneading to 
prepare compositions for shielding electromagnetic waves. The metal powder is preferably contained in such an amount 
that the blending ratio of the olefin block copolymer (A-1) to the metal powder (olefin block copolymer (A-1)/metal 

10 powder: weight ratio) is from 99/1 to 10/90. Then, the compositions are formed into molded articles by various molding 
methods to prepare the materials for shielding electromagnetic waves. 

[0890] In the case of using the olefin block copolymers (A-1) of the invention as housings of electric and electronic 
parts, it is preferable to mold with injection molding, rotary molding, extrusion molding or compression molding. The 
olefin block copolymer (A-1 ) used herein preferably has the PO^ segment being a highly stereoregular isotactic poly- 

15 propylene (Mw: 10.000 to 1 ,000,000). the g"" linkage being an ether linkage and the B"* segment being a polymer of 
an aromatic vinyl compound or (meth)acrylate ester (Mw: 500 to 1 ,000,000), more preferably polymethylmethacrylate 
or polystyrene. The olefin block copolymers have such constituents so that they have very high rigidity. Further, because 
the olefin block copolymers (A-1) have block parts of polymethylmethacrylate or polystyrene, the resulting materials 
have depressed static electricity-charging properties and thereby dust is hardly collected to them. Blending the olefin 

20 block copolymers with various flame retardants and inorganic fillers, resins for housings of electric and electronic parts 
having high rigidity, mar resistance and low collecting of dust can be prepared. 

[0891] The electric and electronic parts of the present invention satisfy the various requirements for use of electric 
and electronic parts. 

25 Molded articles for medical care and sanitation 

[0892] Next, molded articles for medical care and sanitation are described. 

[0893] The molded articles for medical care and sanitation according to the invention comprise the olefin block co- 
polymer (A-1) or the olefin polymer composition (D). 
30 [0894] In the olefin block copolymer (A-1 ) and the olefin block copolymer (A-1 ) contained in the olefin polymer com- 
position (D), forming the molded articles for medical care and sanitation, the PO^ segment desirably has a weight- 
average molecular weight of usually not less than 2.000, preferably 2,000 to 10.000,000. more preferably 10.000 to 
10. 000,000, specifically 10,000 to 200,000. 

[0895] Preferable examples of the PC segment are ethylene polymers such as ethylene homopolymer and ethylene/ 
35 a-olefin copolymer; propylene polymers such as propylene homopolymer, and propylene/a-olefin copolymer; butene 
polymers such as butene homopolymer and butene/ethylene copolymer; and 4-methyl-1 -pentene polymers such as 
'--methyl-1-pentene homopolymer. 

0896] In the olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), which copolymers 
rm the molded articles for medical care and sanitation, the g^ linkage is an ether linkage, ester linkage or amide 
40 ..nkage, preferably ether linkage. 

[0897] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), which copolymers 
form the molded articles for medical care and sanitation, the B** segment is a functional segment obtainable by chain 
polymerization, preferably a functional segment comprising repeating units of an unsaturated hydrocarbon and/or re- 
pealing units of a hetero atom, more preferably a functional segment obtainable by radical polymerization, ring opening 
45 polymerization or ionic polymerization, specifically, a functional segment obtainable by radical polymerization or ring 
opening polymerization. 

[0898] Examples of the functional segment may include the same as in the above. The PO** segment and the B^ 
segment preferably comprise different polymers each other. 

[0899] The B^ segment has a weight-average molecular weight of usually not less than 500. preferably 500 to 
so 1 ,000,000, more preferably 2,000 to 1 ,000,000, further preferably 5,000 to 1 ,000,000, specifically 10,000 to 200,000. 
[0900] The B^ segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt%, preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 1 to 90 wt%. 

[0901] The olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), forming the molded 
articles for medical care and sanitation, desirably have a melt flow rate (MFR as measured In accordance with ASTM 
55 o 1 238, at 230° under a load of 2. 1 6 Kg) of usually 0.01 to 200 g/1 Omin preferably 0.05 to 1 00 g/1 Omln . more preferably 
0.05 to 80 g/1 Omin. 

[0902] The molded articles for medical care and sanitation according to the invention comprise the olefin block co- 
polymer (A-1) or the olefin polymer composition (D). Such molded articles for medical care and sanitation are, for 
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example, sheets, films and hollow molded articles for medical care and sanitation. The sheets, films and hollow molded 
articles are useful for medical care materials such as tube for medical care, vessels for medical care, liquid-carrying 
bags, pre-filled syringes, hypodermic syringes, artificial internal organs, artificial muscle or permeable films, and retort 
pouches, films for keeping freshness, etc. 
5 [0903] The sheets or films fomied from the olefin block copolymer (A-1) or the olefin polymer composition (D) ac- 
cording to the invention are laminated with a non-woven fabric to prepare a non-oven fabric-laminate. Such a non- 
oven fabric-laminate is useful for gathers of disposable diapers, sanitary napkins, etc. 

[0904] Further, a non-woven fabric itself can be formed as molded articles for medical care and sanitation from the 
olefin block copolymer (A-1) or the olefin polymer composition (D) according to the invention. The non-woven fabric 
10 has excellent water resistance, moisture permeability and stretch ability so that It can be used as non-woven fabrics of 
the above non-woven laminate and also the non-woven fabric itself can be used for the above use in disposable diapers, 
sanitary napkins, etc without forming non-woven fabric laminates. 

[0905] The molded articles formed from the olefin block copolymer (A-1) or the olefin polymer composition (D) ac- 
cording to the invention can be also used as electrets. The electrets can be prepared by molding the molded articles 
15 fonmed from the olefin block copolymer (A-1 ) or the olefin polymer composition (D) into a film, non-woven, or reticulate 
cloth-like shape. The electrets are useful as medical care materials for acceleration of fonming callus, and bandages 
or adhesion plasters for medical care, and also useful as sanitary materials such as dustfilters, dust non-woven fabrics, 
gas filters, brooms, dust clothes, etc. 

20 (Preparation of molded articles for medical care and sanitary) 

[0906] The molded articles for medical care and sanitary according to the invention can be prepared by calender 
molding, extmsion molding, injection molding, blow molding, press molding or stamping molding in the same manner 
as, for example, the process for preparing the olefin block copolymers (A-1) in accordance with the objective use. The 

25 molded articles for medical care and sanitary thus prepared are sheets, films, hollow molded articles, etc. Further, 
using the resulting sheets or films, molded articles such as non-woven fabric laminates can be prepared. 
[0907] Filaments can be prepared by extruding, for example, a molten composition through a spinning nozzle. 
[0908] Any of the olefin block copolymer (A-1) and the olefin polymer composition (D) can be used for the molded 
articles for medical care and sanitary in the sheet or film shape. Further, it is preferable to add a heat resistant stabilizer, 

30 a lubricant, etc with the olefin block copolymer (A-1) and the olefin polymer composition (D) and mold them with ex- 
trusion molding or inflation molding. 

[0909] With regard to the olefin block copolymer (A-1) used herein, the PO'' segment is preferably any one of an 
ethylene homopolymer (Mw: 1 0,000 to 1 ,000,000), an ethylene/a-olefin copolymer (ethylene content: 50 to 99.9 mo\%, 
Mw: 10,000 to 1,000,000), a propylene homopolymer (Mw; 10,000 to 1.000,000) and a copolymer of propylene and 
35 ethylene or u-olefin of 4 or more carbon atoms (propylene content: 50 to 99.9 mol%, Mw: 10,000 to 1 .000.000). 
the gi linkage is preferably an ether linkage, ester linkage, amide linkage or urethane linkage, and 
the B*" segment is preferably a styrene homopolymer (Mw: 500 to 1 ,000,000), methyl methacrylate homopolymer 
(Mw: 500 to 1 ,000.000) or styrene/anhydrous maleic acid copolymer (styrene content: 50 to 99.9 mol%. Mw: 500 to 
1,000,000). 

40 [0910] When the PO'* segment is the polymer as described in the above, the sheets or films for medical care and 
sanitary are excellent in strength, stretchability and water resistance. When the segment is the above polymer, they 
are excellent in water absorption, hydrophilicity and electricity charging properties. 

[0911] The sheets and films are used for medical care use such as liquid-carrying bags, permeable films, etc and 
sanitary use such as retort pouches, films for keeping freshness etc. 
45 [0912] The sheets and films desirably have a thtekness, which is not particulariy limited and varies depending to the 
uses, of usually 10 to 3,000 ^m, preferably 50 to 2,000 urn. 

[0913] In the case of using the molded articles for medical care and sanitary as hollow molded articles, any of the 
olefin block copolymer (A-1) and the olefin polymer composition (D) can be used. Further, it is preferable to add a heat 
resistant stabilizer and a lubricant thereto and mold them with blow molding or Injection blow molding. 

50 [0914] With regard to the olefin block copolymer (A-1), the PO^ segment is preferably an ethylene homopolymer 
(Mw: 10,000 to 1,000.000), ethylene/a-olefin copolymer (ethylene content: 50to 99.9 mol%, Mw: 10,000 to 1 ,000,000), 
a propylene homopolymer (Mw: 1 0,000 to 1 ,000.000) or a copolymer of propylene and ethylene or an a-olefin of 4 or 
more carbon atoms (propylene content: 50 to 99.9 mol%, Mw: 10.000 to 1.000,000), 
the g^ linkage is preferably an ether linkage, ester linkage or amide linkage and 

55 the segment is preferably a styrene homopolymer (Mw: 500 to 1 ,000,000), methylmethacrylate homopolymer 

(Mw: 500 to 1 ,000.000) or styrene/anhydrous maleic acid copolymer (styrene content: 50 to 99.9 mol%, Mw: 500 to 
1,000,000). 

[091 5] When the PO^ segment is the polymer as described in the above, the hollow molded articles for medical care 
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and sanitary are excellent In strength, stretchabillty and water resistance. When the B"" segment is the above polymer, 

they are excellent in water absorption, hydrophlllclty and electricity charging properties. 

[0916] The hollow molded articles are used for medical care use such as tubes, vessels, syringes, etc. 

[0917] The hollow molded articles desirably have a thickness, of usually 1 0 !o 3.000 ^im. preferably 50 to 2.000 |im, 

although the thickness thereof varies depending to the uses and is not particularly limited. 

[0918] In the case of using the molded articles for medical care and sanitary as artificial internal organ or artificial 
muscle, any of the olefin block copolymer (A-1 ) and the olefin polymer composition (D) can be used. Further, it is 
preferable to add a heat resistant stabilizer thereto and mold them with extrusion molding or spinning. 
[0919] With regard to the olefin block copolymer (A-1) used herein, the PO^ segment is preferably an ethylene 
homopolymer (Mw: 1 0,000 to 1 ,000,000). ethylene/a-olefin copolymer (ethylene content; 50 to 99.9 mol%, Mw: 10.000 
to 1 .000,000), propylene homopolymer (Mw: 1 0,000 to 1 ,000,000) or propylene/a-olefin copolymer (propylene content: 
50 to 99.9 mol%. Mw: 1 0.000 to 1 ,000,000). 

the g^ linkage is preferably an ether linkage, ester linkage, amide linkage or urethane linkage and 
the B"" segment is preferably a styrene homopolymer (Mw: 500 to 1 ,000,000), methyl methacrylate homopolymer 
(Mw: 500 to 1,000,000), styrene/an hydrous maleic acid copolymer (styrene content: 50 to 99.9 mol%. Mw: 500 to 
1,000,000) or ethylene oxide homopolymer (Mw: 500 to 1 ,000,000). 

[0920] When the PO^ segment is the polymer as described In the above, the artificial internal organ and artificial 
muscle are excellent in strength, stretch ability and water resistance. When the segment is the above polymer, they 
are excellent in antithrombosis properties. 

(Non-woven fabric laminate) 

[0921] Using the sheets or films formed from the olefin block copolymer (A-1) and the olefin polymer composition 
(D) according to the invention, non-woven fabric laminates obtainable by laminating the sheets and non-woven fabrics 
can be prepared. Hereinafter, the non-woven fabrics constituting the non-woven fabric laminates are described. 

(Non-woven fabric) 

[0922] As the resin, which is a material of the non-woven fabric constituting the non-woven fabric laminate of the 
invention, polyoletins are preferably used. Examples of the polyolefins are polyethylene, polypropylene and a copoly- 
mer of a monomer thereof and other a-olefin. Examples of the other a-olefin may include those having 3 to 1 0 carbon 

atoms, specifically, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, etc. 

[0923] Further, the olefin block copolymer (A-1) or the olefin polymer composition (D) can be used as the material 

of these non-woven fabrics. 

[0924] These may be used singly or in combination of two or more. 

[0925] In the invention, it is preferable to use extensible non-woven fabrics as the non-woven fabrics. The extensible 
non*woven fabrics of the invention desirably have an extensibility in at least one direction of crosswise and machine 
directions of 1 00% or more, preferably 1 50% or more. The extensibility of 1 00% or more means that the elongation at 
which a non-woven fabric Is broken is 100% or more in a tensile test. 

[0926] As the process for preparing the non-woven fabrics according to the invention, any of drying, wet, spun bonding 
and melt blowing processes may be employed, and further the spun bonding process is preferable in the standpoint 
of preparing the non-woven fabrics having high strength In high productivity. 

[0927] An example of the process for preparing the extensible non-woven fabrics is a process of stretching non- 
woven fabrics prepared by the spun bonding process, in the machine direction. This process can provide a large degree 
of extension in the crosswise direction. The expression "machine direction" Is a direction parallel to the direction of 
web flowing in fonming non-woven fabrics (MD) and the expression "crosswise direction " is a direction perpendicular 
to the direction of web flowing (CD). 

[0928] The stretching non-woven fabrics for preparing the extensible non-woven fabrics is preferably carried out in 
the 'ollowing conditions. The stretching is carried out in the machine direction in such conditions that the drawing 
tem:)erature is lower than the melting point of a resin by 20 to 40°C, the draw ratio is 1 .1 to 5 times, the drawing length 
is 2.5 m or less and the lateral shrink is not less than 60 %. When the draw ratio does not reach to 1 .1 times, the degree 
of the crosswise extension is too low. while when It Is over five times, there is caused strong possibility of stretch 
breakage of non-woven fabrics. The lateral shrink is determined by the fomriula: [(Non-woven fabric width before stretch- 
ing) - (Non-woven fabric width after stretching)] / (Non-woven fabric width before stretching) x 100. 
[0929] Further, the drawing length is a distance between rolls which rotating rates are set to be different during 
stretching treatment. In the process of heating non-woven fabrics, an oven, hot plate or infrared rays can be csad. 
[0930] The extensible non-woven fabrics preferably used in the invention desirably comprise a core-sheath .ype or 
8ide-by-slde type conjugated fibers. That is, the non-woven fabrics desirably comprise conjugated fiber, which com- 
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prises one resin and other resin both having different properties, and specifically comprise the core-sheath type con- 
jugated fiber composed of a sheath part of one resin and a core part of other resin, or the side-by-side type conjugated 
fiber composed of two resin parts of one resin and other resin. 

[0931] The core-sheath type conjugated fiber may have, in a fibrous section, a concentric form such that a circle 
core part and a doughnut-like sheath part have the same center point, or an eccentric form such that a circle core part 
and a doughnul-like sheath part have different center points. Further, it may have an eccentric form such that a core 
part is partly exposed on the surface of the fiber. Of these, a crimpled conjugated fiber in the eccentric form having 
excellent extensibility is preferred. 

[0932] As the resin forming the sheath part of the core-sheath type conjugated fiber, an ethylene polymer is preferred. 
Examples of the ethylene polymer used in the invention may include an ethylene homopolymer or a copolymer of 
ethylene and an a-olefin such as propylene, 1-butene, 1-hexene, 4-methyt-1-pentene or 1-octene. 
[0933] As the resin forming the core part, a propylene polymer is prefenred. Examples of the propylene polymer may 
include a propylene homopolymer or a copolymer of propylene and an a-oleftn such as ethylene. 1-butene, 1-hexene, 
4-methyl-1 -pentene and 1-octene. Of these, particularly preferred is a propylene/ethylene random copolymer, which 
comprises propylene and a small amount of ethylene and has a content of constituting units derived from ethylene of 
not more than 6 mol%. Using the copolymer, the conjugated fiber has favorable spinning properties and excellent 
productivity to prepare non-woven fabrics having favorable flexibility. 

[0934] In the case that the resin forming the core part of the core-sheath type conjugated fiber is a propylene polymer 
having a melt flow rate (as measured In accordance with ASTM D 1238. temperature: 230''C, load: 2.16 Kg. refen-ed 
to as MFRa) of from 0.5 to 1 00 g/1 Omin, the resin foming the sheath part preferably used herein is a propylene polymer 
having a different melt flow rate (as measured in accordance with ASTM D 1238, temperature: 230'C, load: 2.16 Kg, 
refen-ed to as MFRb) and also satisfying the relation MFRa / MFRb ^ 1.2 or MFRa / MFRb ^ 0.8. The crimpled- 
conjugated fiber is easily prepared by the difference between the melt flow rates. 

[0935] The weight composition ratio of the resin of the sheath part to the resin of the core part (sheath part/core part) 
is preferably from 2/8 to B/2. Further, the fineness of the core-sheath type conjugated fiber is usually 4 d or less, and 
further desirably 3 d or less in the point of preparing non-woven fabrics having more excellent flexibility. 
[0936] The side-by-side conjugated fiber comprises one resin part and other resin part having different properties. 
The resins fomriing the side-by-side conjugated fiber are each same as the resin of the sheath part and the resin of 
the core part fonning the core-sheath conjugated fiber. 

[0937] The weight composition ratio of the resin parts of the side-by-side conjugated fiber is preferably from 2/8 to 
8/2, and further preferably 3/7 to 7/3 in the point of preparing a crimpled conjugated fiber having excellent extensibility. 
Further, the fineness of the side-by-side conjugated fiber is usually 4 d or less, and further desirably 3 d or less In the 
point of preparing non-woven fabrtes having more excellent flexibility. 

[0938] The extensible non-woven fabrics favorably used in the invention are non-woven fabrics fonned from the 
above core-sheath type or side-by-side type conjugated fibers, and are prepared by, for example, the spun bonding 
process. That is, the resin constituting the core of the core-sheath conjugated fiber and the resin constituting the sheath 
part are molten separately with extrusions, the melts are each output through spinning dies each having conjugated- 
spinning nozzles through which the melts form a desired core-sheath stnjcture to spin the core-sheath conjugated 
fiber. The spun conjugated fiber is cooled upon a fluid for cooling, strain is applied on the conjugated fiber with an air 
for stretching to make the fiber having the prescribed fineness, and then the fiber, as it is, is collected on a collecting 
belt to deposit it in the prescribed thickness thereby obtaining a conjugated fiber web. By the process, the non-woven 
fabric of high strength can be prepared and also the crimpled conjugated ifber of extensibility can be prepared by 
making the non-woven fiber in the eccentric form. 

[0939] Thereafter, the fiber is prepared by confounding with heat embossing processing using an embossing roll. In 
the heat embossing processing, the embossed area proportion (stamping area proportion: the proportion of heat bond- 
ed part in a non-woven fabric) is appropriately selected in accordance with the desired use. Usually, if the embossed 
area proportion is in the range of 5 to 40 %, the conjugated fiber non-woven fabrics having excellent flexibility, air 
permeability and fastness to rubbing, which are well balanced can be prepared. 

[0940] Further, a non-woven fabric comprised of the side-by-side conjugated fiber of the invention can be prepared 
using a conjugated spinning nozzle for the side-by-side conjugated fiber in place of the conjugated spinning nozzle for 
the core-sheath conjugated fiber. This process can prepare the non-woven fabric of high strength and also make It to 
the crimpled conjugated fiber of extensibility. 

[0941] The no-woven fabrfes whteh comprise the core-sheath or side-by-side composite fiber, particularty the eccen- 
tric core-sheath type crimpled composite fiber or the side-by-slde type crimpled conjugated fiber, are treated with 
stretching in the machine direction by the above process, so that the degree of crosswise extensibility is further improved 
with low stress, and the fabrics have excellent stretchability such that the fabrics follow the stretch of a laminated 
elastomeric film, have low residual distortion after extension. In result, non-woven fabric laminates having resistance 
sufficient for stretching repeated uses can be prepared. 
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[0942] With regard to the non-woven fabrics of the invention, those having a basis weight of not more than 30 g/m^ 
are suitable for the uses in need of flexibility and further the non-woven fabrics having a high basis weight of over 30 
gfrrfi may be employable according to the objective use. 

s (Non-woven fabric laminate) 

[0943] The non-woven fabric laminate of the invention is one obtainable by laminating the above non-woven fabric 

and a sheet or film, which comprises the olefin block copolymer (A-1 ) or the olefin polymer composition (O). 

[0944] Specifically, the non-woven fabric laminate comprises the film or sheet comprising the olefin block copolymer 

10 (A-1) or the olefin polymer composition (D) and. on one or both surfaces of the sheet or film, the non-woven fabric 
laminated. The laminate thus laminated with the film or sheet and non-woven fabric alternatively may be used in one, 
or two or more layered fonrr). Thetemi "one layer" used herein is the case that the film or sheet is composed of one layer. 
[0945] The non-woven fabric laminate of the invention is useful in wide fields of medical care and sanitary, for ex- 
ample, sanitary material parts such as gather of disposable diapers, sanitary napkins, and base cloth of pack materials 

15 for medical care. 

[0946] In laminating the non-woven fabrics of the invention, the laminating may be performed according to necessity 
through a layer of a porous material comprised of an adhesive resin. The porous material is, for example, a non-woven 
fabric or porous film. 

[0947] Examples of the adhesive resin may include a copolymer of ethylene and a monomer containing a polar group 
20 and a polymer prepared by modifying an ethylene polymer with an unsaturated compound containing a polar group. 
The copolymer of the ethylene and monomer containing a polar group can be prepared, for example, by radical po- 
lymerization of ethylene and the monomer containing a polar group In the presence of an organic peroxide or oxygen 
at a high temperature under high pressure. Examples of the polar group-containing monomer may include ethyl acrylate, 
methacrylic acid, methyl methacrylate, vinyl acetate and vinyl chloride. Of these, at least one of the group consisting 
25 of ethyl acrylate, methacrylic acid, methyl methacrylate, vinyl acetate is preferable and particularly, ethyl acrylate is 
further preferable because of having excellent heat resistance and penmitting high temperature processing. 
[0948] Further, a copolymer of ethylene and ethyl acrylate (hereinafter referred to as "EEA") can be used as the 
adhesive resin. In the copolymer, the ethyl acrylate content is usually from 10 to 40 wt%, preferably 15 to 30 wt% 
viewed in the light of adhesiveness, cost and moisture pemneabillty. The melt flow rate of the copolymer (measured 
30 according to ASTM D 1238, temperature: 190°C under a load of 2.16 Kg) is usually from 5 to 50 g/IOmin, preferably 
10 to 30 g/IOmin. 

[0949] The ethyl acrylate content and the melt flow rate are in the above ranges so that the copolymers obtained 
have excellent moldabilfty and interlaminar strength. Commercially available examples of the copolymers may include 
Evaflex^*^-EEA (for example, Grade EEA-707) manufactured by Mitsui Du-Ponl Polychemical Co., Ltd. and the like. 
35 [0950] Furthermore, in the invention, a copolymer of ethylene and vinyl acetate (hereinafter referred to as "EVA") 
can be used as the adhesive resin. In the copolymer, the vinyl acetate content is usually from 10 to 40 wt%, preferably 
3 to 1 0 wt% viewed in the light of adhesiveness, cost and moisture pemrieabitity. The melt flow rate of the copolymer 
(measured according to ASTM D 1238, temperature: 190°C under a load of 2.1 6 Kg) is usually from 5 to 200 g/IOmIn, 
preferably 10 to 150 g/IOmin. 

40 [0951] The vinyl acetate content and the melt flow rate are in tho above ranges so that the copolymers obtained 
have excellent moldability and interlaminar strength. Commercially available examples of the copolymers may include 
EvaflexTM.TH (for example, Grade P-2807) manufactured by Mitsui Du-Pont Polychemical Co., Ltd. and the like. 
[0952] In the invention, a copolymer of ethylene and methacrylic acid can be used as the copolymer of ethylene and 
the polar group-containing monomer (polar group-containing ethylene copolymer). In the copolymer, the methacrylic 

45 acid content is usually from 1 0 to 40 wt%, preferably 3 to 1 0 wt% viewed in the light of adhesiveness, cost and moisture 
permeability. The melt flow rate of the copolymer (measured according to ASTM D 1238, temperature: 190'C under a 
load of 2.16 Kg) is usually from 5 to 100 g/IOmin, preferably 10 to 80 g/IOmin. 

[0953] The methacrylic acid content and the melt flow rate are in the above ranges so that the copolymers obtained 
have excellent moldability and interiaminar strength. Commercially available examples of the copolymers may include 

so Newcrer*^ manufactured by Mitsui Du-Pont Polychemical Co., Ltd. and the like. 

[0954] In the present invention, an ethylene ionomer resin can be also used as the adhesive resin. The term "ionomer" 
means a themioplastic resin having the polymer hydrophobic main chain and a small amount of an ion group in the 
side chain, the end chain or the main chain. The ethylene ionomer resin used in the invention is preferably a metal salt 
of a copolymer of ethylene and an unsaturated carboxylic acid. Commercially available examples of the resin may 

55 include Himiran^** In which methacrylic acid is an acid monomer (manufactured by Mitsui Du-Pont Potychemlcal Co., 
Ltd.) and the like. 

[0955] In the Invention, a polymer modified with an unsaturated compound containing a polar group can be also used 
as adhesive resin. Examples of the ethylene polymer may include the same as described in the above, and further 
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may include an ethylene/a-olefin copolymer, containing a relatively large amount of a-olefin. These ethylene polymers 
may be high crystalline or low crystalline. Examples of the polar group-containing unsaturated compound usable for 
modification of the ethylene polymers may be the above polar group-containing monomer copotymerizable with ethyl- 
ene, or other polar group-containing unsaturated compounds. Preferable examples of the polar group-containing un- 

s saturated compounds may include an unsaturated carboxylic acid and acid anhydrides thereof. Examples of the un- 
saturated carboxylic acid are unsaturated carboxylic acids such as maleic acid, fumaric acid, tetrahydrophthaiic acid, 
itaconic acid, citraconic acid, crotonicacid, isocrotonic acid, nadicacid^*^ (endcis-bicyclo[2.2,1]-hepto-5-ene-2,3-dicar- 
boxylic acid), acrylic acid, methacrylic acid; and derivatives thereof such as acid anhydrides of the above unsaturated 
carboxylic acids, imide, amide and esters, specifically, maleimide. maleic anhydride, citraconic anhydride, maleic acid 

10 mono-methyl, glycidyl maleate, etc. Among these compounds, unsaturated carboxylic acids and anhydride thereof are 
preferred, and particularly, maleic acid, nadic acid and acid anhydrides thereof are further preferred. 
[0956] In the invention, a polymer prepared by modifying the copolymer of ethylene and the polar group-containing 
monomer with the above polar group-containing unsaturated compound may be, further, used as the adhesive resin. 
For example, it is possible to use a modified resin prepared by modifying the above ethyl acrylate copolymer with an 

15 unsaturated carboxylic acid. The use of the modified resin is preferable as compared with the use of unmodified resins, 
because the interfacial bonding strength between a moisture permeable resin and a non-woven fabric can be improved. 
The modified resin used in the invention has a graft monomer content showing the modification proportion of usually 
from 0.01 to 10 wt%; preferably 0.1 to 3 wt%. Commercially available examples of the modified resin may include a 
resin prepared by modifying EEA with a maleic anhydride. 

20 [0957] In the invention, according to necessity, the adhesive resin may be blended with the above olefin block co- 
polymer (A-1 ), an adherent resin or an inorganic filler and then submitted to use. Examples of the adherent resin may 
include an alicyclic saturated hydrocarbon resin and a terpene resin, and examples of the inorganic filler may include 
calcium carbonate, talc, cray and barium sulfate. 

[0958] The loading of the above olefin block copolymer (A-1) is usually from 5 to 50 parts by weight, preferably 5 to 
25 20 parts by weight, the loading of the adherent resin is usually from 0.5 to 20 parts by weight, preferably 0.5 to 1 0 parts 
by weight; and the loading of the inorganic filler is usually from 10 to 60 parts by weight, preferably 20 to 40 parts by 
weight , based on 100 parts by weight of the adhesive resin. 

[0959] Further, the adhesive resin may be blended with additives such as a colorant, heat stabilizer, lubricant, nu- 
cleating agent and other resins, in addition to the above additives within the limit of not missing the object of the 
30 invention. 

[0960] Next, with regard to the non-woven laminates of the invention, examples of the process for bonding the non- 
woven fabrics of the invention with the sheet or film comprised of the above olefin block copolymer (A-1 ) or the olefin 
polymer composition (D) optionally through the porous material layer comprised of the adhesive resin are described. 
[0961] Examples of the process may include a process of forming a film comprising the olefin block copolymer (A- 

35 1) or the olefin polymer composition (D) and optionally forming a porous material layer, then superimposing the porous 
material layer on a non-woven fabric, contact bonding them with an embossing roll and further laminating the film on 
the side of the porous material layer and heating until the temperature necessary for bonding simultaneously bonding 
with pressure, and a process of superimposing the film, the porous material and the non-woven fabric in this order and 
bonding in the same manner as described in the above. When the above porous material is a non-woven fabric in the 

40 invention, it is possible to employ a process of forming a melt blow non-woven fabric layer comprised of an adhesive 
resin on the non-woven fabric and thereafter bonding the film with extrusion lamination. 

[0962] The extrusion lamination eliminates the step of laminating with a hot melt adhesive, and can perform fonning 
the film and bonding with the non-woven fabric simultaneously, to thereby simplify the processing steps and reduce 

the cost. 

4S [0963] The thickness of the non-woven fabric laminate thus prepared differs depending to the objective use and is 
not limited particularly. For example, the total thickness of the sheet or film layer comprising the olefin block copolymer 
(A-1) or the olefin polymer composition (D) is preferably from 10% to 90% based on the whole non-woven fabric lam- 
inate, and the total thickness of the non-woven fabric layer is preferably from 90 to 10% based on the whole. More 
desirably, the total thickness of the sheet or film comprising the olefin block copolymer (A-1) or the olefin polymer 

so composition (D) is from 20% to 80% based on the whole, and the total thickness of the non-woven fabric layer is 
preferably from BO to 20% based on the whole. 

[0964] Further, the basis weight of the non-woven fabric differs depending to the use and is not particularly limited, 
and it is desirable to be usually from 20 to 80 g/m^, preferably 25 to 65 g/m^. 

[0965] In the case of using the medical care and sanitary molded articles of the invention as the non-woven laminates. 
55 it Is possible to use any of the olefin block copolymer (A-1) and the olefin polymer composition (0) and further it is 
possible to add a heat stabilizer, a lubricant, etc. 

[0966] With regard to the olefin block copolymer (A-1) preferably used herein, the PO^ segment is any one of an 
ethylene homopolymer (Mw: 10,000 to 1,000,000). ethylene/a-olefin copolymer (ethylene content: 50 to 99.9 mol%, 
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Mw: 1 0,000 to 1 .000.000), propylene homopolymer (Mw: 1 0.000 to 1 ,000,000) and propylene/a-olefin copotymer (pro- 
pylene content: 50 to 99.9 mot%, Mw: 10.000 to 1.000,000). 

the linkage is any one of an ether linkage, ester linkage and amide linkage, and 

the segment is any one of an ethylene oxide homopolymer (Mw: 500 to 1,000.000), styrene homopolymer 
(Mw: 500 to 1,000.000), methyl methacrylate homopolymer (Mw: 500 to 1.000,000) and styrene/maleic anhydride 
copolymer (slyrene content: 50 to 99.9 mol%, Mw: 500 to 1 .000,000). 

[0967] When ihe PO^ segment is the above polymer, the non-woven fabric laminate has excellent water resistance, 
extensibility and flexibility. When the segment is the above polymer, the non-woven fabric laminate has excellent 
hydrophilicity and moisture permeability. 

[0968] These non-woven fabric laminates are used for specifically, gather of disposable diapers, sanitary napkins, 
base cloth of pack materials for medical care, etc. 

(Non-woven fabric) 

[0969] From the olefin block copolymer (A-1 ) or the olefin polymer composition (D) according to the invention, non- 
woven fabrics themselves can be formed as medical care and sanitary molded articles. 

[0970] In the invention, it is preferable to use extensible non-jwoven fabrics as such non-woven fabrics similarly in 
the non -woven fabrics as described in the above-mentioned non-woven fabric laminates. The extensible non-woven 
fabrics can be prepared by the process same as in the above-mentioned non-woven fabrics. 

[0971] As the process, any of drying, wet. spun bonding and melt blowing processes may be employed, and further 
the spun bonding process is preferable in the standpoint of preparing the non-woven fabrics having high strength in 
high productivity. 

[0972] An example of the process for preparing the extensible non-woven fabrics is a process of stretching non- 
woven fabrics prepared by the spun bonding process, in the machine direction. This process can provide a large degree 
of extension in the crosswise direction. 

[0973] Further, the basis weight of the non-woven fabrics differs depending to the use and is not particularly limited, 
and it is desirable to be usually not more than 50 g/m^. preferably not more than 30 g/m^. 

[0974] In the case of using the medical care and sanitary molded articles of the Invention as the non-woven fabrics, 
it is possible to use any of the olefin block copolymer (A-1) and the olefin polymer composition (D) and further it Is 
possible to add a heat stabilizer, a lubricant, etc. The non-woven fabrics are preferably molded by the spun bonding 
method or melt blow method. 

[0975] With regard to the olefin block copolymer (A-1) preferably used herein, the PO^ segment is any one of an 
ethylene homopolymer (Mw: 10,000 to 1,000,000), ethylene/a-olefin copolymer (ethylene content: 50 to 99.9 mol%, 
Mw: 1 0,000 to 1 .000,000), propylene homopolymer (Mw: 1 0,000 to 1 ,000,000) and propylene/a-olefin copolymer (pro- 
pylene content; 50 to 99.9 mol%, Mw: 10.000 to 1,000.000), 

the g** linkage is any one of an ether linkage, ester linkage, amide linkage and urethane linkage, and 
the B"* segment is any one of a styrene homopolymer (Mw: 500 to 1 ,000,000), methyl methacrylate homopolymer 
(Mw: 500 to 1,000,000), and styrene/maleic anhydride copolymer (styrene content: 50 to 99.9 mol%, Mw: 500 to 
1.000.000). 

[0976] When the PO^ segment is the above polymer, the non-woven fabrics have excellent water resistance, exten- 
sibility and flexibility. When the B"* segment is the above polymer, the non-woven fabrtes have excellent hydrophilteity 
and moisture permeability. 

[0977] These non-woven fabrics are used for non-woven fabrics of the above-mentioned non-woven fabric laminates, 
and further the non- woven fabrics themselves are used for disposable diapers and sanitary napkins, as described in 
the above. 

(Electrets) 

[0978] The electrets of the invention comprise the olefin block copolymer (A-1 ) or the olefin polymer composition (D). 
[0979] The electrets are charged at room temperature without blending with other polymers or additives such as 
modified polymers having charge-retention capability so that polyethylene Itself can retain electric charge. Further, the 
olefin block copolymer (A-1 ) and the olefin polymer composition (D) have excellent molding processability so that they 
are preferably used as electrets in various fomns. 

[0980] For example, fonning the electrets into a film, non-woven fabrk: or reticulate cloth-like shape, the electrets 
can be used for. In medical care and sanitary use, materials for acceleration of vital reaction by magnetic field such as 
medical care materials for acceleration of forming callus, bandages or adhesion plasters, and sanitary materials such 
as brooms, dust clothes, etc and further used for gas filters such as air filters and condensers, microphones, etc. 
[0981] The fomi of the electrets used is selected arbitrarily depending to the uses. It is preferable to use in the 
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temperature range such that the electrets are not molten, because electric charge is disappeared by melting. 
[0982] The electrets are used preferably at a relatively low temperature range, for example, not higher than room 
temperature. However, at a higher temperature than the above temperature range, it is possible to retain electric charge 
to some extent. 

5 [0983] When electric charge is lowered, electric charge can be retained by another application with electric charge 

again. 

[0984] The shape and form of the electrets of the invention are not particularly limited, and the electrets can be 
formed in arbitrary shapes and foniis in accordance with the fomi for utilization such as films, sheets, fiber, strands, 
woven fabrics or non-woven fabrics. 

10 [0985] The electret of the invention can be prepared by molding and processing the olefin block copolymer (A>1) or 
the olefin polymer composition (D) into arbitrary shapes and charging it to electretize it, and optionally post-processing. 
[0986] Conventionally known processes such as thermal electretization, etectro-electretization^ radio-electretization, 
etc are employable as the process of electretization. The thenmal electretization is a process of electretizing with heat- 
ing. In the electro-electretization and radio-electretization, electretization can be also performed at room temperature 

15 or a high temperature. Further, known processes, for example, the process described in JP-A-1 0-1 74823/1 998 may 
be used as the processing method. 

[0987] The electretization can be performed in the end-product shape molded and processed. Further, the electret 
may be prepared by electretizing in the middle molded article shape and thereafter processing into the end-product 
shape. In this case, the shape of the olefin block copolymer (A-1 ) or the olefin polymer composition (O) may be any of 
20 films, sheets, fiber (filament), non-woven fabrics and woven fabrics. Further, the electretization thereof is preferably 
perfomned in the film, fiber (filament) or non-woven fabric-molded shape. In the case of charging on a film, after the 
charging thereof, the film may be fibrillated Into a fibrous shape, or the charged fiber may be molded into a strand or 
processed into a woven fabric. 

[0988] In the invention, for a trap site of electric charge in charging, the olefin block copolymer (A-1) or the olefin 
25 polymer composition (O) functions as an effective trap site, so that it retains electric charge by electretization and can 
be charged with electricity permanently. 

[0989] In the invention, the electrets comprised of the olefin block copolymer (A-1 ) or the olefin polymer composition 
(D) each having specific physical properties and composition may be used singly, and further, the electrets of the 
materials comprised of polymers having different physical properties and compositions can be used. Furthermore, it 
30 is possible to the combined used of these electrets and electrets comprised of other materials such as polypropylene, 
for example, in the textile blend fomi, and further, the resulting electret in the textile blend form can have the properties 
both of the electrets spun by textile blending. 

[0990] The thickness of the electrets thus prepared differs depending to the objective use and is not limited partic- 
ularly. Usually, the thickness is desirably from 0.05 to 5,000 ^m, preferably 0.5 to 50 \xjm, 
35 [0991] In the case of using the medical care and sanitary molded articles of the invention as the electrets, it is possible 
to use any of the olefin block copolymer (A-1 ) and the olefin polymer composition (D) and further it is possible to add 
a heat stabilizer, a lubricant, etc thereto. The molding is preferably conducted by extrusion molding, inflation molding 
or spinning. 

[0992] With regard to the olefin block copolymer (A-1) preferably used herein, the PO^ segment is any one of an 
40 ethylene homopolymer (Mw: 10,000 to 1,000,000), ethylene/a-olefin copolymer (ethylene content: 50 to 99.9 mol%, 
Mw: 10,000 to 1 ,000,000). propylene homopolymer (Mw: 1 0,000 to 1 ,000.000) and propylene/a-olefin copolymer (pro- 
pylene content: 50 to 99.9 mol%, Mw: 10,000 to 1,000,000), 

the gi linkage is any one of an ether linkage, ester linkage and amide linkage, and 

the B"" segment is any one of a styrene homopolymer (Mw: 500 to 1 ,000,000), methyl methacrylate homopolymer 
45 (Mw: 500 to 1 ,000.000 and styrene/maleic anhydride copolymer (styrene content: 50 to 99.9 mol%, Mw: 500 to 
1,000,000). 

[0993] When the PO^ segment is the above polymer, the electret has excellent moisture permeability, extensibility, 
flexibility and strength. When the segment is the above polymer, the electret has excellent dust collecting properties 
and adhesion properties. 

50 [0994] These electrets are used for specifically, in medical care uses, materials for acceleration of vital reaction by 
magnetic field such as medical care materials for acceleration of fomriing callus, bandages, adhesion piasters, dust 
collecting filters and non-woven fabrics for dust collection, and in sanitary materials, for brooms, dust clothes, etc and 
further used for gas filters such as air filters, etc and condensers, microphones, etc. 

[0995] The molded articles for medical care and sanitary satisfy various requirements for medical care and sanitary 
55 uses. 
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Molded articles for miscellaneous goods 

[0996] Next, the molded articles for miscellaneous goods of the invention will be described. 

[0997] The molded articles for miscellaneous goods according to the invention comprise the olefin block copolymer 

5 (A-1) or the olefin polymer composition (D). 

[0998] In the olefin block copolymer (A-1 ) and the olefin block copolymer (A-1 ) contained in the olefin polymer com- 
position (D). which copolymers form the molded articles for miscellaneous goods, the PO^ segment desirably has a 
weight-average molecular weight of usually not less than 2,000, preferably 1 0^000 to 1 0,000,000. When the molecular 
weight of the polyolefin segment is in the above range, the copolymers have excellent balance between mechanical 

10 strength and moldability. 

[0999] Preferable examples of the PC segment are ethylene polymers such as ethylene homopolymer and ethylene/ 
o-olefin copolymer: propylene polymers such as propylene homopolymer and propylene/a-olefin copolymer; butene 
polymers such as butene homopolymer and butene/ethylene copolymer; and 4-methyl-1-pentene polymers such as 
4-methyl-1 -pentene homopolymer. Of these, ethylene polymer and propylene polymer are preferred. 

IS [1 000] In the olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D) , which copolymers 
form the molded articles for miscellaneous goods, the gi linkage is an ether linkage, ester linkage or amide linkage, 
preferably ether linkage. 

[1001] In the olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), which copolymers 

fomri the miscellaneous goods, the segment is a functional segment obtainable by chain polymerization, preferably 
20 a functional segment comprising repeating units of an unsaturated hydrocarbon and/or repeating units of a hetero 

atom, more preferably a functional segment obtainable by radical polymerization, ring opening polymerization or ionic 

polymerization, specifically, a functional segment obtainable by radical polymerization or ring opening polymerization. 

[1002] Examples of the functional segment may include the same as in the above. The PC segment and the 

segment preferably comprise different polymers each other. 
ss [1003] The B^ segment has a weight-average molecular weight of usually not less than 500, preferably 2,000 to 

500,000. When the molecular weight of the functional segment is in the above range, the molded articles have excellent 

printability. 

[1004] The B^ segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt%. preferably 1 to 99 wt%, more preferably 1 to 95 wt%. When the proportion of the functional segment in the 
30 olefin block copolymer (A-1 ) is in the above range, the molded articles have excellent balanced properties in printability, 
adhesiveness and mechanical properties. 

[■« 005] The olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), forming the molded 
< ..Jles for miscellaneous goods, desirably have a melt flow rale (MFR as measured in accordance with ASTM D 1 238, 
a. 1*30^C under a load of 2.1 6 Kg) of usually 0.01 to 200 g/IOmin, preferably 0.05 to 100 g/1 Omin, more preferably 0.05 
35 to 80 g/1 Omin. 

[1006] Of various additives which may be mixed with the olefin block copolymer (A-1 ) and the olefin polymer com- 
position (D), the inorganic fillers preferably used may include powdery fillers, for example, natural silicic acids or silicates 
such as fine powdery talc, kaolinite, calcined clay, pyrophyllite, sericite or wollastonite, carbonates such as precipitated 
calcium carbonate, ground limestone or magnesium carbonate^ hydroxides such as aluminum hydroxide or magnesium 

^ hydroxide, oxides such as zinc oxide, zinc white or magnesium oxide, and synthetic silicte acids or silicates such as 
water-containing calcium silicate, water-containing aluminum silicate, water-containing silicate or silicic anhydride; flake 
fillers such as mica; fibrous fillers such as basic magnesium sulfate whisker, calcium titanate whisker, aluminum borate 
whisker, sepiolite, PMF (processed mineral fiber), xonotlite. potassium titanate or eilestadite; and balloon fillers such 
as glass balloon or fly ash balloon 

45 [1007] Of these, talc is preferably used in the invention and particulariy, fine powdery talc having an average particle 
diameter of from 0.01 to 10 ^.m Is preferably used. The average particle diameter is measured by the liquid phase 
sedimentation method. 

[1008] The inorganic fillers used In the Invention, particulariy, talc may be untreated or surface-treated previously. 
Examples of the surface treatment may include chemical or physical treatments using a treating agent such as silane 
so coupling agents, higher fatty acids, metal salts of fatty acid, unsaturated organic acids, organic titanates, resin acids 
or polyethylene glycol. The use of the surface-treated talc can prepare molded articles having excellent weld strength, 
coating properties and molding processability. 

[1009] The above inorganic fillers may be used in combination with two or more. 

[1010] Further, in the invention, the organic fillers such as high styrene. lignin or reclaimed rubber may be used with 
ss the Inorganic fillers. 
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(Molding method) 

[1011 J The miscellaneous goods of the invention can be prepared by using the olefin block copolymer (A-1) and the 
olefin polymer composition (D) in the same manner as the process for preparing the olefin block copolymer (A-1) with 
extrusion molding, injection molding, blow molding, press molding or stamping molding. 

[1012] The injection molded articles comprised of Ihe olefin block copolymer (A-1 ) or the olefin polymer composition 
(D) are hardly charged and have excellent rigidity, heat resistance, impact resistance, surface gloss, chemical resist- 
ance and abrasion resistance. 

[1013] In the injection blow molding, the above composition is injected at a resin temperature of from 100 to 300®C 
into a parison mold to mold a parison, the parison is retained on a mold having a desired shape and then air is blown 
to attach it on the mold, thereby preparing a hollow molded article. 

[1014] The blow molded articles formed from the olefin block copolymer (A-1) or the olefin polymer composition (D) 
have excellent transparency, rigidity, heat resistance and impact resistance, and also excellent moisture resistance. 
[1 01 5] The olefin block copolymer (A-1 ) and the olefin polymer composition (D) have transparency and high rigidity, 
and even if containing elastomer components, they have sufficiently high rigidity, so that they can be used for various 
uses requiring high rigidity. 

[1016] The olefin block copolymer (A-1) and the olefin polymer composition (D) are suitably used for the following 
miscellaneous goods. 

[1017] Examples thereof are stationary such as desk mats, cutting mats, oilers, holders, grips and caps of pens, 
grips of scissors or cutters, magnet sheets, pen cases, paper folders, binders, label seals, tapes or white boards; 

miscellaneous goods for daily use such as clothes, curtains, sheets, carpets, entrance mats, bath mats, buckets, 
hoses, bags, planters, filters of air conditioners or exhaust funs, table ware, trays, cups, lunch boxes, funnels for coffee 
siphon, glasses frames, containers, storage cases, hangers, ropes or laundry nets; 

sports goods such as shoes, goggles, ski boards, rackets, balls, tents, water goggles, flippers, fishing rods, cooler 
boxes, leisure sheets or nets for sports; 

toys such as blocks or cards; 

vessels such as kerosene cans, drum cans or bottles for detergents or shampoo; and 

signs such as sign-boards, pylons or plastic chains. 
[1018] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (D) as an insole of 
shoes (mid sole), preferable examples of the PO^ segment are an a-olefin homopolymer, copolymer of ethylene and 
an a-olefin of 3 or more carbon atoms and copolymer of ethylene and a cycloolefin and optionally an o-olefin of 3 or 
more carbon atoms. Pariicularty, a preferable example thereof is the copolymer of ethylene and an a-olefin of 3 or 
more carbon atoms. 

[101 9] The copolymer of ethylene and an a-olefin of 3 or more carbon atoms has a proportion (molar ratio) of ethylene 
units and units of a-olefins of 3 or more carbon atoms, which is not particularly limited, of usually about from 95/6 to 
75/25. 

[1020] The copolymer of ethylene and a cycloolefin and optionally an a-olefin of 3 or more carbon atoms has a 

proportion (molar ratio) of the total of ethylene units and units of a-olefins of 3 or more carbon atoms, to cycloolefin 

units, which is not particularly limited, of usually from 100/0 to 50/50 providing that 100/0 is excluded. 

[1021] Preferable examples of the B1 segment are polymers prepared from (meth)acrylic acid or ester thereof. 

[1022] In the above case, the molded articles have excellent adhesion properties and Improved touch. 

[1023] In the molded articles for this use, it is particularly preferred to conduct crosslinking and foaming. Further, it 

Is preferred to use an organk: peroxide for the crosslinking and to use an organic foaming agent for the foaming. 

[1024] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (D) as desk mats. 

preferable examples of the PO^ segment are a copolymer of ethylene and an a-olefin of 3 or more cartDon atoms and 

a copolymer of ethylene, a cycloolefin and optionally an a-olefin of 3 or more cartDon atoms. 

[1 025] The copolymer of ethylene and an a-olefin of 3 or more carbon atoms has a proportion (molar ratio) of ethylene 
units and units of a-olefins of 3 or more carbon atoms, which Is not particularly limited, of usually about from 100/0 to 
75/25 providing that 100/0 is excluded. 

[1026] The copolymer of ethylene, a cycloolefin and optionally an a-olefin of 3 or more carbon atoms has a proportion 

(molar ratio) of the total of ethylene units and units of a-oleflns of 3 or more carbon atoms, to cycloolefin units, whk;h 

is not particularly limited, of usually from/but not 100/0 to 50/50 providing that 100/0 is excluded. 

[1027] A preferable example of the B"* segment is a polymer obtainable by ring opening polymerization of a cyclic 

amide. 

[1028] In the case, the molded articles have excellent mar resistance and transparency 

[1029] In the case of using the copolymers of the Invention as toys, preferable examples of the PO^ segment are a- 
olefin homopolymer or copolymer, more preferable examples are ethylene polymer and propylene polymer, and further 
more preferable examples are ethylene homopolymer, copolymer of ethylene and an a-olefin of 3 or more cartjon 
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atoms, propylene homopolymer. propylene/ethylene copolymer and copolymer of propylene and an a-olefin of 4 or 
more carbon atoms. 

[1030] The above ethylene polymer preferably has a proportion (molar ratio) of ethylene units and units of a*olefins 
of 3 or more carbon atoms, which is not particularly limited, of usually about from 100/0 to 80/20. 
5 [1031] The above propylene polymer preferably has a proportion (molar ratio) of propylene units to ethylene units 
and units of a-olefins of 4 or more carbon atoms, which is not particularly limited, of usually Irom 100/0 to 60/40. 
[1032] Preferable examples of the segment are polymers of (meth)acrylic acid and ester thereof. 
[1033] In the above case, the molded articles have excellent printability and mar resistance. 

[1 034] I n the case of using the olefin block copolymer (A- 1 ) or the olefin polymer composition ( D) as bottles , preferable 
10 examples of the PO'' segment are an ethylene copolymer, ethylene/cycloolefin copolymer and propylene polymer. 

[1035] The ethylene/cycloolefin copolymer has a proportion (molar ratio) of ethylene units to cycloolefin units, which 
is not particularly limited, of usually about from 99/1 to 50/50. 

[1036] Preferable examples of the B1 segment are polymers containing constituting units derived from acrylonitrile 
and constituting units of at least one of (meth)acrylic acid and (meth)acrylate ester. 
IS [1037] In this case, the molded articles have excellent mar resistance and printability. 

[1038] In the case of using the olefin block copolymer (A-1 ) or the olefin polymer composition (D) as trays for food, 
preferable examples of the PO^ segment are copolymers of ethylene, a cycloolefin and optionally an a-olefin of 3 or 
more carbon atoms, and atactic polypropylene. 

[1039] The copolymer of ethylene, cycloolefin and optionally a-oiefin of 3 or more carbon atoms has a proportion 
20 (molar ratio) of the total of ethylene units and units of a-olefins of 3 or more carbon atoms to cycloolefin units, whteh 
is not particularly limited, of usually about from 100/0 to 50/50 providing that 100/0 is excluded. 
[1040] Preferable examples of the segment are polymers obtainable by ring opening polymerization of a cyclic 
amide. 

[1041] In this case, the molded articles have excellent shape memory properties. 

25 [1042] In the case of using the copolymer of the Invention as easy printing molded articles, preferable examples of 
the PO^ segment are copolymers of ethylene, a cycloolefin and optionally an a*olefin of 3 or more carbon atoms. 
[1043] The copolymers of ethylene, a cycloolefin and optionally an a-olefin of 3 or more carbon atoms have a pro- 
portion (molar ratio) ol the total of ethylene units and units of a-olefins of 3 or more cariDon atoms to cycloolefin units, 
which is not particularly limited, of usually about from 100/0 to 50/50 providing that 100/0 is excluded. 

30 [1044] Preferable examples of the Bl segment are polymers containing constituting units of at least one of (meth) 
acrylic acid and (meth)acrylate ester. The block copolymers containing them may be crosslinked before use. The 
crosslinking can be conducted by an organic peroxide or electron rays. 
[1045] In this case, the molded articles have excellent coaling properties and printability. 

[1046] In the case of using the olefin block copolymer (A-l ) or the olefin polymer composition (D) as foamed articles 
35 for food, preferable examples of the PO^ segment are an a-olefin homopolymer or copolymer, more preferable exam- 
ples are an ethylene polymer and propylene polymer, and further more preferable examples are ethylene homopolymer, 
copolymer of ethylene and an a-olefin of 3 or more carbon atoms, propylene homopolymer, propylene/ethylene copol- 
ymer and copolymer of propylene and an a-olefin of 4 or more carbon atoms. 

[1047] The ethylene polymer has a proportion (molar ratio) of ethylene units to units of a-olefins of 3 or more carbon 
40 atoms, which is not particularly limited, of usually about from 100/0 to 80/20. The ethylene polymer may be optionally 
copolymerized with a cycloolefin, and has a proportion (molar ratio) of the total of ethylene units and units of a-olefins 
of 3 or more carit>on atoms to cycloolefin units, which is not particularly limited, of usually about from 100/0 to 50/50, 
providing that 100/0 is excluded. 

[1048] The propylene polymer has a proportion (molar ratio) of propylene units to the total of ethylene units and units 
45 of a-olefins of 4 or more carbon atoms, which is not particularly limited, of usually about from 100/0 to 60/40. 

[1049] Further, copolymers of ethylene, a-olefin of 3 or more carbon atoms and conjugated polyene or non-conju- 
gated polyene are also preferred, and have a content of conjugated polyene or non-conjugated polyene, which is not 
partk:ularly limited, of usually from 0.2 to 10 mol%. 

[1050] Preferable examples of the Bl segment are polymers containing an aromatic vinyl compound. 
50 [1051] Further, polymers obtainable by ring opening polymerization of an ester-containing cyclic monomer or amide- 
containing cyclic monomer are also preferred. 

[1 052] In this case, the molded articles are improved in moldability, foaming properties, printability and coating prop- 
erties. 

[1 053] The miscellaneous molded articles of the Invention have excellent properties of any one of impact resistance, 
55 heat resistance, mar resistance, transparency, coating properties, printability, adhesion properties and low-temperature 
flexibility. 
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Environmentally degradable resin molded articles 

[1054] In the next place, the environmentally degradable resin molded articles ot the invention are described. 
[1055] The environmentally degradable resin molded articles according to the invention comprise the olefin block 

3 copolymer (A-1 ) or the olefin polymer composition (D). 

[1056] In the olefin block copolymer (A-1) and the olefin block copolymer (A*1 ) contained in the otefin polymer com- 
position (D). forming the environmentally degradable resin molded articles, the PO** segment desirably has a weight- 
average molecular weight of usually not less than 2,000. preferably 2.000 to 10,000.000. more preferably 10.000 to 
10,000,000, specifically 10.000 to 200,000. 

10 [1057] Preferable examples of the PC segment are ethylene polymers such as ethylene homopolymer and ethylene/ 
a-olefin copolymer: propylene polymers such as propylene homopolymer and p ropyl en e/a- olefin copolymer; butene 
polymers such as butene homopolymer and butene/ethylene copolymer; and 4-methyl-1 -pentene polymers such as 
4-methyl-1 -pentene homopolymer. 

[1058] In the olefin block copolymer (A-1 ) and the olefin block copolymer (A-1 ) contained in the olefin polymer com- 
15 position (D), which copolymer and composition form the environmentally degradable resin molded articles, the g** 
linkage is an ether linkage, ester linkage or amide linkage, preferably ether linkage. 

[1059] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), forming the 
environmentally degradable resin molded articles, the segment is a functional segment obtainable by chain polym- 
erization, preferably a functional segment comprising repeating units of an unsaturated hydrocarbon and/or repeating 
20 units of a hetero atom, more preferably a functional segment obtainable by radical polymerization, ring opening po- 
lymerization or ionic polymerization, specifically, a functional segment obtainable by radical polymerization or ring 
opening polymerization. 

[1060] Examples of the functional segment may include the same as in the above. The PO'' segment and the 
segment preferably comprise different polymers each other. 
25 [1061] The B^ segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
1 ,000,000, more preferably 2,000 to 1 ,000,000, most preferably 1 0,000 to 200,000. 

[1062] The B^ segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt%, preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 10 to 90 wt%. 

[1063] The olefin block copolymer (A-1) and that contained in the olefin polymer composition (D). forming the envi- 
30 ronmentally degradable resin molded articles, desirably have a melt flow rate (MFH as measured in accordance with 
ASTM D 1238, at 230**C under a load of 2.16 Kg) of usually 0.01 to 200 g/IOmin, preferably 0.05 to 100 g/IOmin. more 
preferably 0.05 to 80 g/IOmin. 

[1064] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), fomning the 
environmentally degradable resin molded articles, the PC segment is preferably polypropylene, polyethylene, a ran- 

35 dom copolymer of ethylene and a-olefin of 3 or more carbon atoms or random copolymer of propylene and a-olefin of 
4 or more carbon atoms, more preferably polypropylene having a content of co-monomers selected from ethylene and 
an a-oiefin of 4 or more carbon atoms of less than 10 mol%, polyethylene having a content of co-monomers selected 
from an a-olefin of 3 or more carbon atoms of less than 1 0 mol%, a random copolymer having an ethylene content of 
from 1 0 to 90 mol% and a content of a-olefin of 3 or more carbon atoms of from 90 to 1 0 mol% or a random copolymer 

40 having a propylene content of 10 to 90 mol% and a content of a-olefin of 4 or more carbon atoms of 90 to 10 mol%, 
the linkage is preferably an ether linkage or ester linkage, and the B^ segment is preferably a functional segment 
obtainable by ring opening polymerization such as a poly-lactic acid, poly-glycol acid, e-polycaprolactone or polyeth- 
ylene glycol. 

[1065] In the case that the environmentally degradable resin molded articles comprises the olefin polymer compo- 
45 sition (D), as a thermoplastic resin (C) fonning the composition (D), preferred is the combined use of a polyolefin (C- 

1) such as polyethylene, polypropylene or ethylene/propylene copolymer, and an aliphatic polyester (0-2) such as 
poly-lactic acid, polyglycol acid, poly-e-caprolactone or polybutylene succinate. 

[1066] It is preferred to use, for the polyolefin (C-1 ), at least one kind of polyolefins having a high crystallization rate 
(Mw: 5,000 to 1 ,000,000) selected from polyethylene, isotactic polypropylene and isotactic block polypropylene, and 
50 for the aliphatic polyester (C-2), at least one kind of aliphatic polyesters having a relatively low crystallization rate (Mw: 
2,000 to 1,000,000) selected from poly-lactic acid, and poly-glycol acid. In this case, the PC segment of the olefin 
block copolymer (A-1 ) is preferably the same kind of polyolefin as the polyolefin (C-1 ) and the B^ segment is preferably 
the same kind of aliphatic polyester as the aliphatic polyester (C-2). 

[1067] It is further preferred to use, for the polyolefin (C-1), an ethylene/a-olefin copolymer (a-olefin content: 2 to 98 
55 mol%, Mw: 5,000 to 1 ,000,000) such as ethylene/propylene copolymer, ethytene/butene copolymer or ethylene/octene 
copolymer, or a soft polyolefin (content of ethylene or a-olefin of 4 or more carbon atoms: 2 to 98 mol%, Mw: 2,000 to 
1 .000,000) such as propylene/ethylene copolymer or propylene/butene copolymer, and for the aliphatic polyester (C- 

2) , a high rigidity aliphatic polyester (Mw: 2,000 to 1.000.000) such as poly-lactic acid, and poly-glycol ackj. In this 
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case, the PO^ segment of the olefin block copolymer (A-1 ) is preferably the same kind of polyolefin as the polyolefin 
(C-1) and the segment Is preferably the same kind of aliphatic polyester as the altphatk: polyester (C-2). 
[1088] It Is furthermore preferred to use, for the polyolefin (C-1 ), a polyolefin having a high melting point (Mw: 5,000 
to 1 .000,000) such as high-density polyethylene, middle-density polyethylene, isotactic polypropylene or poly-4-methyl- 

5 1-pentene, and for the aliphatic polyester (C-2), a soft aliphatic polyester(Mw: 2.000 to 1,000.000) such as poly-e- 
caproractone or a hydrophilc polyelher (Mw: 2,000 to 1,000,000) such as polyethylene glycol. In this case, the PO^ 
segment of the olefin block copolymer (A-1) is preferably the same kind of polyolefin as the polyolefin (C-1) and the 

segment is preferably the same kind of aliphatic polyester as the aliphatic polyester (C-2). 
[1089] Using the copolymers having the above compositions, environmentally degradable resin molded articles hav- 

10 ing environmental degradation properties and further having practical properties such as excellent heat resistance and 
mechanical strength can be prepared. 

[1070] In the olefin polymer composition (D) used in the invention which comprises the olefin block copolymer (A> 
1), the polyolefin (C-1) and the aliphatic polyester (C-2), the olefin polymer composition (D) preferably comprises 1 to 
98 parts by weight of the olefin block copolymer (A-1), 1 to 70 parts by weight of the polyolefin (C-1) and 98 to 1 parts 
15 by weight of the aliphatic polyester (C-2) provided that total amount of (A-1 ), (C-1 ) and (C-2) is 1 00 parts by weight. 
Particularly, the olefin polymer composition (D) preferably comprises 5 to 50 parts by weight of the olefin block copol- 
ymer (A-1), 5 to 50 parts by weight of the polyolefin (C-1) and 90 to 45 parts by weight of the aliphatic polyester (C-2) 
provided that total amount of (A-1). (C-1) and (C-2) is 100 parts by weight. 

[1071] The environmentally degradable resin molded articles according to the invention disintegrate by organismic 
20 metabolism, heat, light, etc in the environment not to keep their shapes. After disintegration of the molded articles, a 
part of the resins forming the molded articles remains in the environment. 

(Molding method) 

25 [1072] The process for molding the environmentally degradable resin molded articles according to the invention is 
not particularly limited. For example, the environmentally degradable resin molded articles can be prepared by calender 
molding, extnjsion molding, injection molding, blow molding, press molding or stamping molding in the same manner 
as the process for preparing the olefin block copolymer (A-1). 

30 (Use) 

[1073] The environmentally degradable resin molded articles according to the invention have facility for degradation 

in the environment, and excellent rigidity, heat resistance and Impact resistance, so that they can be used in a wide 

variety of fields such as outdoor goods, disposable vessels, etc. 
35 [1074] The environmentally degradable resin molded articles, for example, can be used for vessels for fresh foods 

on sale at supemrtarket such as fish or meats, vegetables, eggs, etc; takeout vessels for food such as lunch, dish, etc; 

beverage cups or vessels for noodles such as Chinese noodle; vessels for outdoor use such as disposable plates; 

bags such as packaging bags for foods, plastic bags for use at supermarkets, garbage bags, kitchen garbage bags, 

etc; films for agriculture such as gardening green house, tunnel type green house, etc ; fishing goods such as fish nets, 
40 fishing lines, fish hook^ etc; cloth for outdoor goods such as rain coats, tents, etc; and water-retention materials or films 

having facility for degradation in the environment. 

[1075] The environmentally degradable resin molded articles of the invention have excellent mechanical strength 
such as modulus, or impact resistance and excellent heat resistance, are easily degradable in the environment. There- 
fore, the environmentally degradable resin molded articles are used in the fields where the use of conventional biode- 
45 gradable polymers is insufficient for practically. 

[1076] The environmentally degradable resin molded articles, further have more excellent balanced properties in 
strength, transparency or the like as compared with conventional molded articles of compositions comprised of biode- 
gradable polymers and polyolefin resins. 

50 Films and Sheets 

[1077] In the next place, the films and sheets according to the invention are described. 

[1078] The films and sheets according to the invention comprise the above olefin block copolymer (A-1 ) or the above 
olefin polymer composition (D). 
55 [1 079] In the olefin block copolymer (A-1 ) and the olefin block copolymer (A-1 ) contained in the olefin polymer com- 
position (D), which copolymer and composition form the sheets or films, the PO^ segment desirably has a weight- 
average molecular weight of usually not less than 2,000, preferably 2,000 to 10,000.000, more preferably 10,000 to 
1,000.000. 
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[1080] Preferable examples of the PO^ segment are: 

ethylene polymers such as ethylene homopolymer and ethylene/a-olefin copolymer, ethylene/propytene/vinyl nor- 
bornene copolymer, ethylene/propylene/DMDT copolymer, ethylene/cycoolefln/propylene/DMDT copolymer, eth- 
ylene/cycloolefln/propylene/conjugated diene copolymer, ethylene/cycloolefin/propylene/conjugated polyene co- 
polymer, ethylene/aromatic vinyl copolymer, ethylene/aromalic vinyl/conjugated polyene copolymer, etc; 
propylene polymers such as propylene homopolymer, syndiotactic propylene/ethylene copolymer, atactic propyl- 
ene/ethylene copolymer, propylene/a-olefin copolymer, etc; 

butene polymers such as butene homopolymer and butene/ethylene copolymer; and 
4-methyl-1 -pentene polymers such as 4-methyl-1 -pentene homopolymer. 

[1081] In the olefin block copolymers (A-1) and the olefin block copolymers (A-1) contained In the olefin polymer 
composition (D), which copolymers form films and sheets, the gi linkage is ether linkage, ester linkage or amide linkage, 
preferably ether linkage. 

[1082] In the olefin block copolymers (A-1) and the olefin block copolymers (A-1) contained in the olefin polymer 
composition (D). which copolymers fonn films and sheets, the B"' segment is a functional segment obtainable by chain 
polymerization, preferably a functional segment comprising reppating units of an unsaturated hydrocarbon and/or re- 
peating units of a hetero atom, more preferably a functional segment obtainable by radical polymerization, ring opening 
polymerization or ionic polymerization, specifically, a functional segment obtainable by radical polymerization or ring 
opening polymerization. 

[1083] Examples of the functional segment may include the same as in the above. The PC segment and the 
segment preferably comprise different polymers each other. 

[1084] The segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
1,000.000. more preferably 2,000 to 1 ,000,000. 

[1085] The 8^ segment Is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt7o, preferably 1 to 99 wt%, more preferably 1 to 95 wt%. 

[1086] The olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), forming the films 
and sheets, desirably have a melt flow rate (MFR as measured in accordance with ASTM D 1238, at 230°C under a 
load of 2.16 Kg) of usually 0.01 to 200 g/IOmin, preferably 0.05 to 100 g/IOmin, more preferably 0.05 to 80 g/IOmin. 
[1087] When the sheets and films of the invention are used for agriculture, in the olefin block copolymer (A-1 ) and 
that contained in the olefin polymer composition (D), the PO^ segment desirably is an ethylene polymer or propylene 
polymer, for example, a copolymer of ethylene and an a-olefin of 3 or more carbon atoms. The polyolefin segment, 
which comprises a copolymer of ethylene and an a-olefin of 3 or more carbon atoms, desirably has a molar ratio of 
ethylene to an a-olefin of 3 or more carbon atoms of about from 99.9/0.1 to 80/20. The polyolefin segment desirably 
hasa weight-average molecular weight, determined by GPC, of from 10,000 to 1 ,000,000, preferably 30,000 to 800,000. 
[1088] Further, the g^ linkage Is preferably an ether linkage, ester linkage or amide linkage. 

[1 089] Furthermore, the 8^ segment is preferably an acrylic acid ester polymer, methacrylic acid ester polymer, cyclic 
ester polymer, cyclic amide polymer, cyclic ether polymer or oxazollne polymer, more preferably polyalkylene glycol, 
particularly polyethylene glycol. The functional segment desirably has a weight-average molecular weight, determined 
by GPC, of from 500 to 500,000, preferably 2.000 to 300,000. 

[1090] The agricultural films and sheets obtainable by using the olefin block copolymers (A-1 ) satisfying the above 
conditions are preferable because of having excellent transparency, heat resistance and fog resistance. 
[1091] When the sheets and films of the invention are used for lapping or stretch sheets and films, in the olefin block 
copolymers (A-1), the PO"" segment desirably is preferably an ethylene polymer, propylene polymer or 4-methyl-1 -pen- 
tene polymer, more preferably a copolymer of propylene and ethylene or an a-olefin of 4 or more cartaon atoms. The 
polyolefin segment, which comprises a copolymer of propylene and ethylene or an a-olefin of 4 or more carbon atoms, 
desirably has a molar ratio of propylene to ethylene or an a-olefin of 4 or more carbon atoms of from 1 00/0 to 80/20, 
preferably 98/2 to 85/15. The polyolefin segment desirably has a weight-average molecular weight, determined by 
GPC, of from 1 0,000 to 1 .000,000, preferably 50.000 to 500,000. 

[1092] Further, the g^ linkage is preferably an ether linkage, ester linkage or amide linkage. 
[1093] Furthermore, the B^ segment is preferably a styrene polymer, acrylic acid ester polymer, methacrylic acid 
ester polymer, cyclic ester polymer, cyclic amide polymer, cyclic ether polymer or oxazoline polymer, more preferably 
(meth)acrylic acid ester polymer, particularly butyl acrylate copolymer. The functional segment desirably has a weight- 
average molecular weight, detemntned by GPC, of from 500 to 500,000. preferably 2,000 to 300,000. 
[1094] The lapping or stretch films and sheets obtainable by using the olefin block copolymers (A-1) satisfying the 
above conditions are preferable because of having excellent transparency, memory properties and tear properties. 
[1095] When the sheets and films of the invention are sheets and films for protection, in the olefin block copolymers 
(A-1 ), the P01 segment desirably Is an ethylene polymer, propylene polymer or 4-methyl-1 -pentene polymer, preferably 
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a copolymer of ethylene, propylene or 4-methyM -pentene with a linear a-olefin ol 2-10 carbon atoms and/or a cy- 
cloolefin. particularly ethylene copolymer or propylene copolymer such as a copolymer of ethylene and an o-olefin of 
3 or more carbon atoms. 

[1 096] The potyolefin segment, which comprises a copolymer of ethylene and an a-olef in of 3 or more carbon atoms, 
5 desirably has a molar ratio of ethylene to a-olefin of 3 or more carbon atoms of about from 99.9/0.1 to 70/30. 

[1097] Further, the polyotefin segment, which comprises a copolymer ol ethylene, an o-olefin of 3 or more carbon 
atoms and a cycloolefin, desirably has a molar ratio of ethylene to a-olef in of 3 or more carbon atoms of from 100/0 to 
50/50, and a molar ratio of ethylene to cycloolefin of from 100/0 to 50/50. 

[1098] Furthemnore, the polyolefin segment, which comprises a copolymer of propylene and ethylene or an a-olefin 
io of 4 or more carbon atoms, desirably has a molar ratio of propylene to other a-olefin of about from 1 00/0 to 70/30. The 
polyolefin segment desirably has a weight-average molecular weight, determined by GPC. of from 10,000 to 800,000, 
preferably 30,000 to 500,000. 

[1099] Further, the g^ linkage is preferably an ether linkage, ester linkage or amide linkage. 

[1 1 00] Furthermore, the segment is preferably an acrylic acid ester polymer, methacrylic acid ester polymer, cyclic 
15 ester polymer, cyclic ether polymer or oxazoline polymer, more preferably a polymer obtainable by ring opening po- 
lymeri2ation of a cyclic ester, particularly a polymer of caprolactone. The functional segment desirably has a weight- 
average molecular weight, detemiined by GPC, of from 500 to 500.000. preferably 2,000 to 400,000. 
[1101] The protection films and sheets obtainable by using the olefin block copolymers (A-1) satisfying the above 
conditions are preferable because of having excellent transparency, adhesiveness and mar resistance. 
20 [1102] When the sheets and films of the invention are sheets and films for shrink films or sheets, in the olefin block 
copolymers (A-1), the PO^ segment desirably is an ethylene polymer or propylene polymer, preferably a copolymer of 
ethylene or propylene with a linear a-olefin of 2-10 carbon atoms and/or a cycloolefin. 

[1 103] The polyolefin segment, which comprises a copolymer of ethylene and an a-olefin of 3 or more carbon atoms, 
desirably has a molar ratio of ethylene to an a-olefin of 3 or more carbon atoms of about from 100/0 to 70/30. 
2S [1 104] Further, the PO^ polyolefin segment, which comprises a copolymer of ethylene, an a-olefin of 3 or more carbon 
atoms and a cycloolefin, desirably has a molar ratio of ethylene to an a-oiefin of 3 or more cari3on atoms of from 1 00/0 
to 50/50, and a molar ratio of ethylene to cycloolefin of from 100/0 to 50/50. 

[1105] Furthermore, the PO^ polyolefin segment, which comprises a copolymer of propylene and ethylene or an a- 
olefin of 4 or more carbon atoms, desirably has a molar ratio of propylene to other a-olefin of about from 1 00/0 to 50/50. 
30 The PO^ polyolefin segment desirably has a weight-average molecular weight, determined by GPC, of from 1 0,000 to 
1,000,000, preferably 50,000 to 700,000. 

[1106] Further, the g^ linkage is preferably an ether linkage, ester linkage or amide linkage. 
[1107] Furthemnore, the segment is preferably an acrylic acid ester polymer, methacrylic acid ester polymer, 
acrylic acid amide polymer, cyclic ester polymer, cyclic ether polymer or fluorine-containing polymer, more preferably 
35 a polymer obtainable from (meth)acryltc acid ester. The functional segment desirably has a weight-average molecular 
weight, detemnined by GPC, of from 500 to 500,000, preferably 2,000 to 300,000. 

[1 108] The shrink films and sheets obtainable by using the olefin block copolymers (A-1 ) satisfying the above con- 
ditions are preferable because of having excellent transparency and shrink properties. 

40 Film and sheet 

[1109] The films and sheets of the olefin block copolymer (A-1 ) or the olefin polymer composition (D) according to 
the invention may be stretched or un-stretched, and can be formed appropriately using conventionally known process- 
es. 

45 [1110] Examples of the processes for molding the films and sheets of the invention may include extrusion molding. 
Injection molding, inflation moling, blow molding, extrusion blow molding, injection blow molding, press molding, vac- 
uum forming, calender molding and expansion molding. 

[1111] In preparing the films and sheets of the olefin block copolymer (A-1) or the olefin polymer composition (D) 
according to the invention with the extrusion molding, conventionally known extrusion apparatuses and molding con- 
50 ditions can be employed. For example, using a single screw extruder, kneading extruder, ram extruder or gear extruder, 
the molten olefin block copolymer (A-1 ) or olefin polymer composition (D) is extruded from a T die, etc to mold an un- 
stretched film or sheet. 

[1112] The films and sheets of the inventton may be prepared by the Inflation molding. The films and sheets of the 
olefin block copolymer (A-1 ) or the olefin polymer composition (D) according to the invention are molded by the inflation 
55 molding so that draw-down is hardly caused. 

[1113] In preparing the films and sheets of the olefin block copolymer (A-1) or the olefin polymer composition (D) 
according to the invention with the injection molding, conventionally known injection molding apparatuses and molding 
conditions can be employed. The olefin block copolymer (A-1) or olefin polymer composition (D) is Injection-molded 
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into a desired form and thickness to prepare the films or sheets. The films or sheets thus prepared by the injection 
molding, further, may be molded with stretching. 

[1114] The stretched films or sheets can be prepared by stretching un-slretched films or sheets such as the above- 
mentioned extruded films or sheets, by known stretching methods such as a tenter method (lengthwise-cross wise 
5 stretching, crosswise-lengthwise stretching), biaxial co-stretching method or uniaxial stretching method. 

[1115] In stretching the unstretched film or sheet, the stretching ratio depends on the thickness of the unstretched 
film or sheet. In the biaxial stretching, the desirable stretching ratio is usually about from 20 to 70 limes. In the uniaxial 
stretching, the desirable stretching ratio is usually about from 2 to 1 0 times. The stretched film or sheet after stretching 
has a thickness, although depending to the use, of preferably about from 5 to 200 ^m. 

10 

Film and sheet having a multi-layered stnjcture 

[1116] Next, the films and sheets, which comprise two or more layers having different compositions, according to 
the invention (hereinafter referred to as "laminates'*) will be described. 
15 [1117] The multi-layered films and sheets of the invention are multi-layered films and sheets which comprise two or 
more layers having different composition each other and at least one of the layers may comprise the above olefin block 
copolymer (A-1). Further, the films and sheets of the invention ^re multi-layered films or sheets, which comprise two 
or more layers having different compositions, and at least one of the layers may comprise the above olefin polymer 
composition (D). 

20 [1118] The multi-layered films and sheets of the Invention preferably comprise a layer (a) of the olefin block copolymer 
(A-1) and a thermoplastic resin layer (c), or the thermoplastic resin layer (c) and a layer (d) of the above olefin polymer 
composition (D). 

[1119] The laminates of the invention are multi-layered films or sheets whbh comprise two or more layers having 
different connpositions, and at least one of the layers comprises the above olefin block copolymer (A-1 ) or the above 
25 olefin polymer composition (D). 

[1 1 20] The laminates preferably comprise 



(a) the layer of the olefin block copolymer (A-1 ) and 

(c) the thermoplastic resin layer, or 
30 (c) the thermoplastic resin layer and 

(d) the layer of the olefin copolymer composition (D). 



[1121] In the multi-layered films and sheets, examples of the thermoplastic resin constituting the thermoplastic resin 
layer (c) may include any of the thermoplastic resins (C) as described in the above, such as polyolefin. polyamide, 
35 polyester, polyacetal, polystyrene, acrylonitrile/butadiene/styrene copolymer (ABS). polycarbonate, polyphenylene ox- 
ide, polyacrylate or polyvinyl chloride can be used singly or In combination. 

[1 1 22] The thermoplastic resin layer (c) preferably comprises at least one thermoplastic resin selected from polyole- 
fin, polyamide, polyester, polyacetal, polyvinyl chloride, polystyrene, acrylonitrile/butadiene/styrene copolymer (ABS) 
and polycahDonate, and more preferably, polyolefin, ethylene/polar group-containing vinyl copolymer, polyester, poly- 
^ carbonate and polyamide. 

[1123] The polyester resin comprises: 



dihydroxy compound units derived from aliphatic glycols such as ethylene glycol, propylene glycol, 1 ,4-butane 
diol. neopentyl glycol, hexamethylene glycol, alicycllc glycols such ascyclohexane dimethanol, aromatic dihydroxy 

45 compounds such as bisphenol, or dihydroxy compounds of two or more of the above: 

and dicarboxylic acid units derived from aromatic dicarboxylic acids such as terephthalic acid, isophthalic acid, 
2.6-naphthalene dicarboxylic acid, aliphatic dicarboxylic acids such as oxalic acid, succinic acid, adipk: acid, se- 
bacic acid, undecadrcarboxyllc acid, alicycllc dicarboxylic acids such as hexahydroterephthalic acid or dicarboxylic 
acids of two of the above. It may be copolymerized with a small amount of a tri or more-valent polyhydroxy com- 

50 pound or polycarboxylic acid such as triol, tricarboxylic acid as long as it exhibits thermoplasticity. 

[1 1 24] Examples of the thermoplastic polyester resins preferably used may include polyethylene terephthalate, poly- 
butylene terephthalate, polyethylene isophthalate/terephthalate copolymer. 

[1125] Examples of the polycarbonate resins may include various polycarbonates and copolycarbonates obtainable 
55 by allowing a dihydroxy compound to react with phosgene or diphenyl carbonate with a known method. 

[1126] Examples of the dihydroxy compounds may include hydroquinone, resorcinol, 4,4'dihydroxy-diphenyl-meth- 
ane. 4,4'-dihydroxy-diphenyl-ethane, 4,4'-djhydroxy-diphenyl-n-butane, 4.4'-dihydroxy-diphenyl-heptane, 4,4-dihy- 
droxy-dlphenyl-phenylmethane, 4,4'*dihydroxy-diphenyl-2,2-propane(blsph6nol A), 4,4'-dlhydroxy-3,3*-dimethyl- 



95 



BNSDOCID: <EP 1275670At J^> 



EP 1 275 670 A1 

diphenyl-2,2-propane. 4,4'-dihydroxy-3.3'-diphenyl-diphenyl-2,2-propane, 4,4'-dihydroxy-drchlorodiphenyl-2,2-pro- 
pane. 4,4*-dihydroxy-diphenyl-1 ,1-cyclopentane. 4,4'-dihydroxy-diphenyl-1 ,1 -cyclohexane, 4.4'-dihydroxydiphenyl- 
methyl-phenyl-methane, 4,4'-dihydroxy-diphenyl-ethylphenyl-methane. 4,4'-dihydroxy-diphenyl-2,2,2-trichloro- 
1 ,1 -ethane. 2,2*-dihydroxydiphenyl, 2,6-dihydroxynaphthalene. 4,4*-dihydroxydiphenylether. 4,4'-dihydroxy-3,3'- 
5 dichlorodiphenyleiher and 4,4*-dihyroxy-2,5-diethoxyphenyIether. 

[1 127] Of these, polycarbonates prepared using 4,4'-dihydroxydiphenyl-2,2-propane(bisphenol A) are preferred be- 
cause of having excellent mechanical properties and transparency. 

[1 1 28] Examples of the polyamide resins may include various poiyamldes obtainable by ring opening polymerization 
of caprolactam or polycondensation of diamine and dicarboxylic acids with known methods and copolyamides. Of 

10 these, nylon-6, nylon-66 and methaxylene diamlne-adipic acid condensed polymer are preferably used. 

[1 1 29] Examples of the polyolefins may include ethylene polymers, propylene polymers, butene polymers, 4-methyl- 
l-pentene polymer, 3-methyt-1 -butene polymer and hexene polymers. Further, of these, preferable examples are eth- 
ylene polymers, propylene polymers and 4-methyM -pentene polymer. Of these, preferable ethylene polymers are 
ethylene/vinyl acetate copolymer, ethylene/vinyl acetate copolymer saponificated products. 

15 [1130] The ethylene/vinyl acetate copolymer has an ethylene content of from 15 to 60 mol%, preferably 25 to 50 
mol%. The ethylene/vinyl acetate copolymer desirably has a melt flow rate, as measured at 190°C, of from 0.1 to 500 
g/10mln, preferably 0.1 to 400 g/IOmin. more preferably 0.1 to 300 g/10min. 

[1 1 31 ] Further, the ethylene/vinyl acetate copolymer saponificated products used preferably are prepared by sapon- 
ificating an ethylene/vinyl acetate copolymer having an ethylene content of from 15 to 60 mol%. preferably 25 to 50 

20 mol% at a saponification degree of not less than 50%, preferably not less than 90%. When the ethylene content is in 
the above range, the thermal decomposition of the resins hardly takes place, and the resins have facility In melt molding 
and excellent extensibility and water resistance and also have excellent gas pemieability resistance. The saponification 
degree is preferably not less than 50%, because the resins have excellent gas penneability resistance. 
[1132] In the laminates of the invention, for example, an ethylene polymer or propylene polymer prepared by graft 

25 copolymerlzation of maleic anhydride may be interposed between the themrioplastic resin layer (c) and the layer (a) of 
the olefin block copolymer (A-1 ) or the layer (d) of the olefin copolymer composition (D). 

[1 1 33] The multi-layered films and sheets (laminates) according to the invention may be prepared by any processes. 
Examples of the processes may include a process of conducting one-piece molding by co-extruding materials for each 
layer simultaneously to mold a film or sheet-like laminate, a process of forming a film or sheet like layer using a material 
30 for one layer of the multi-layered structure, and, thereon, molding other layer by a material for the other layer to form 
a film or sheet-like laminate, or a process of molding film or sheet-like layers separately using materials for each layers 
and then laminating the layers with contact bonding, fusing or bonding. 

[1 1 34] The laminates of the invention desirably comprise the layer (a) of the olefin block copolymer (A- 1 ) or the layer 
(d) of the olefin copolymer composition (D) and (c) the thermoplastic resin layer. With regard to preparation of the 

35 laminates, the thennoplastic resin (C) for the thermoplastic resin layer (c) and the olefin block copolymer (A-1) or the 
olefin copolymer composition (D) are separately molten with each extruders, are fed to a two or three layered die and 
co-extruded with a co-extrusion molding method so that the intermediate layer comprises the adhesive resin compo- 
sition, to mold a film or sheet-like laminate. Further, a sandwich laminating method can be employed, for instance, 
previously, the thermoplastic resin layer (c) and the layer (a) of the olefin block copolymer (A-1 ) or the layer (d) of the 

40 olefin copolymer composition (D) are separately molded and the adhesive resin composition is molten -extruded into 
between the layers. 

[1135] Of these preparation methods, the co-extrusion molding method is preferred in the viewpoint of interlaminar 
strength. Examples of the co-extrusion molding method are a T-dle method using a flat die and an inflation method 
using a circular die. Any of a single manifold die using a black box and multi-manifold die may be employable as the 

^5 flat die. Any known dies may be employable as the dies used in the inflation method. 

[1136] The thickness of each layer of the laminates may be detemiined In accordance with the objective use. In the 
sheet or film-like laminates, it is generally preferred that the themnoplastic resin layer (c) have a thickness of from 0.01 
to 1 mm. the adhesive layer as an adhesive have a thickness of from 0.005 to 1 mm. and the layer (a) of the olefin 
block copolymer (A-1) or the layer (d) of the olefin copolymer composition (D) have a thkskness of about from 0,01 to 

so 5 mm. 

[1 1 37] The laminates of the invention, which comprise the layer (a) of the olefin block copolymer (A-l ) and the ther- 
moplastic resin layer (c), may have a structure, for example, (a)/(c) two layered structure, (a)/(c)/(a) structure of pro- 
viding layers (a) on the both sides, or (a)/(c)/(x)/(c)/(a), (x)/(a)/(c) or (x)/(c)/(a) structure of having another layer (x) such 
as polyolefin layer, etc. 

55 [1138] The films or sheets having at least one layer of the layer (a) of the olefin block copolymer (A-1 ) or the layer 
(d) of the olefin copolymer composition (D) according to the invention are suitably applied for the use such as agriculture, 
lapping, shrink wrap, protection and the like uses. Further, the films or sheets of the invention are suitably used for 
selective separating membranes such as membranes of separating blood plasma components, water selective per- ' 
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vaporation membranes, ion exchange membranes, battery separators, optical parting membranes, etc. 

[1139] The sheets and films of the invention, further, can be applied in a variety of uses Including microcapsules, 

PTP packaging, chemical pulp and further drag delivery system. 

[1140] The present invention can provide films and sheets having excellent properties such as flexibility, adhesive- 
s ness. fog resistance, heat resistance, etc. 

Modifier 

[1141] The modifier of the invention comprises the olefin block copolymer (A-1). 
fo [1142] The kinds of the modifier are various modifying agents such as modifiers for resins, modifiers for rubbers, 
modifiers for lubricating oils, modifiers for waxes, modifiers for cement, modifiers for ink and paints, etc, and dispers- 
ib i I ity- imp roving agents such as ftller-dispersibility improvers, etc. 
[1 143] At first, the modifiers for various modifying agents are described. 

[1144] In the olefin block copolymer (A-1) used for the various modifying agents, the PO^ segment desirably has a 
15 weight>average molecular weight of usually not less than 2,000, preferably 2.000 to 1 ,000,000, more preferably 10.000 
to 800,000, especially 50,000 to 600,000. 

[1145] Preferable examples of the PO^ segment of the olefin block copolymer (A-1 ) used for the various modifying 
agents are ethylene polymers such as ethylene homopolymer and ethylene/a-olefin copolymer; propylene polymers 
such as propylene homopolymer and propylene/a-olefin copolymer; butene polymers such as butene homopolymer 

20 and butene/ethylene copolymer: and 4-methyl-1-pentene polymers such as 4-methyl-1-pentene homopolymer 

[1146] Further, the PC segment preferably comprises repeating units derived from at least one of the above linear 
or branched a-olefins and the above cycloolefins, more preferably one selected from ethylene polymers such as eth- 
ylene homopolymer, and ethylene/a-olefin copolymer, and propylene polymers such as propylene homopolymer. pro- 
pylene/ethylene copolymer and propylene/a-olefin copolymer, most preferably ethylene polymers. When the PO^ seg- 

25 ment Is the above polymer, the olefin block copolymers (A-1) have excellent improving effects in Impact resistance, 
heat resistance and weathering resistance. 

[1147] In the olefin block copolymer (A-1 ) used for the various modifying agents, the g"" linkage is preferably an ether 
linkage, ester linkage or amide linkage, further preferably ether linkage. 

[1148] In the olefin block copolymer (A-1) used for the various modifying agents, the segment is a functional 
30 segment obtainable by chain polymerization, preferably a functional segment comprising repeating units of unsaturated 
hydrocarbon and/or repeating units of a hetero atom, more preferably a functional segment obtainable by radical po- 
lymerization, ring opening polymerization or ionic polymerization, specifically, a functional segment obtainable by rad- 
ical polymerization or ring opening polymerization. 

[1149] Examples of the functional segment may include the same as in the above. The PO^ segment and the B'' 
35 segment each preferably comprise different polymers. 

[1150] The segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
1 ,000,000, more preferably 5,000 to 800,000. specifically 10,000 to 500,000. 

[1151] The B** segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt%, preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 1 to 92 wt%. 
40 [11 62] The olefin block copolymers (A-1 ) used for various modifying agents desirably have a melt flow rate (MFR as 
measured in accordance with ASTM D 1 238 , at 230''C under a load of 2. 1 6 Kg) of usually 0.01 to 200 g/1 Omin. preferably 
0.05 to 100 g/1 Omin, more preferably 0.05 to 80 g/1 Omin. 

[1153] The modifiers for various kinds of the modifying agents according to the invention may be an olefin polymer 
composition (F) comprising the olefin block copolymer (A-1 ). a resin (e-1), a rubber (e-2). a base material for lubricating 
45 oils (e-3), a wax (e-4), cement (e-5) or inks and coatings (e-6). 

Resin (e-1) 

[1 154] In the case of using the olefin block copolymer (A-1 ) as the resin modifiers or rubber modifiers, the copolymer 
50 (A-1) may be mixed with the resin (e-1 ) other than the copolymer (A-1) for use. Examples of the resin (e-1) use herein 
may include thenmoplastic resins such as polyolefin, polyamide, polyester, polyacetal, polystyrene, acrylonitrile/buta- 
diene/styrene copolymer (ABS), polycarbonate, polyphenylene oxide or polyacrylate, and thermosetting resins such 
as phenol resin, epoxy resin, unsaturated polyester, urea resin, melamine resin or polyurethane. Of these, the ther- 
moplastic resins are the same as those of the thenmoplastic resins (C) as described in the above. 
55 [11 55] The phenol resin may Include a combination of phenol and fomnaldehyde and. as a catalyst, hexamethylene 
diamine. 

[1156] The epoxy resin may include a combination of glycidyl ether and amine, and further it is preferred to use, as 
glycidyl ether, one prepared by condensation of bisphenol A and epichlorohydrin. 
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[1157] The unsaturated polyester may include a combination of an unsaturated dibasic acid, polyvalent alcohol and 
organic peroxide. It is preferable to use maleic anhydride or fumaric acid as the unsaturated dibasic acid, and ethylene 
glycol or propylene glycol as the polyvalent alcohol. 
[1158] It is pretended to use urea and formaldehyde as the urea resin. 
5 [1159] It is prefen-ed to use melamlne and formaldehyde as the melamine resin. 

[1160] Examples of the polyurelhane may include a combinalion of toluene diisocyanate or diphenylmelhane diiso- 
cyanale and polyol and an amine catalyst. 

[1161] The above resins (e-1) may be used singly or in combination with two or more. 

[1162] In blending the olefin block copolymer (A-1) with the resin (e-1), the olefin block copolymers (A-1) are used 
10 in an amount preferably from 5 to 99 parts by weight, more preferably 10 to 99 parts by weight based on the total 
amount of the copolymer (A>1 ) and the resin (e-1). 

Rubber (e-2) 

IS [1 1 63] I n the case of using the olefin block copolymer (A- 1 ) as the resin modifiers or rubber modifiers, the copolymer 
(A-1) may be mixed with the rubber (e-2) for use. Examples of the rubber (e-2) used herein may include cross-linked 
mbbers such as natural rubber (NR), isoprene rubber (IR). butadiene rubber (BR), styrene/butadiene rubber (SBR), 
chloroprene rubber (CR), acrylonitrile/butadiene rubber (NBR). butyl rubber (IIR). ethylene/propylene rubber (EPM, 
EPDM), chlorosulfonated polyethylene (CSM), acrylic rubber (ACM, ANM, etc), epichlorohydrin rubber (CO, ECO. etc). 

20 silicone rubber (Q) or fluoro-rubber (FKM, etc); and themrioplastic rubbers such as styrene, olefin, urethane, ester, 
amide or vinyl chloride rubbers. 

[1 164] It is preferred to use natural rubber, and diene rubbers such as butadiene rubber or styrene/butadiene rubber 
as the rubber. 

[1165] The above rubbers (e-2) may be used singly or in combination with two or more. 
25 [1166] In blending the olefin block copolymer (A-1 ) with the rubber (e-2), the olefin block copolymers (A-1) are used 
in an amount preferably from 10 to 99 parts by weight, more preferably 20 to 99 parts by weight based on the total 
amount of the copolymer (A-1) and the rubber (e-2). 

Base material of lubricating oil (e-3) 

30 

[1167] In the case of using the olefin block copolymer (A-1 ) as the modifier of lubricating oils, the copolymer (A-1) 
may be mixed with the base material of lubricating oil (e-3) for use. Examples of the base material of lubricating oil (e- 
3) used herein may Include mineral oils, poly-a-olefin diesters such as polyol ester dioctyl phthalate or dioctyl sebacate, 
synthetic oils such as polyalkylene glycohol. It is preferred to use mineral oils or a blend of mineral oil and synthetic 

35 oil. The mineral oils are generally used after the purification process such as dewaxing, etc. The mineral oils have 
some classes due to the methods of purification. Generally, a mineral oil containing 0.5 to 10 % of wax components 
is used. Further, a mineral oil having a dynamic viscosity at 40°C of 10 to 200 cSt is used. 
[1168] The above base material of lubricating oil (e-3) may be used singly or in combination with two or more. 
[1169] In blending the olefin block copolymer (A-1) with the base material of lubricating oil (e-3), the olefin block 

40 copolymers (A-1) are used in an amount preferably from 5 to 99 parts by weight, more preferably 10 to 99 parts by 
weight based on the total amount of the copolymer (A-1) and the base material of lubricating oil (e-3). 
[1170] The modifier comprising the olefin polymer compositions (F), which comprise the olefin block copolymer (A- 
1) and the base material of lubricating oil (e-3), have excellent modifying effects in heat resistance, low-temperature 
properties, lubricating properties at high temperatures and dispersibility. 

45 

Wax (e-4) 

[1171] In the case of using the olefin block copolymer (A-1 ) as the wax modifier, the copolymer (A-1 ) may be mixed 
with the wax (e-4) for use. Examples of the wax (e-4) used herein may Include mineral waxes such as montan wax, 
50 peat wax, ozokerite/ceresin wax. petroleum wax, etc, synthetic waxes such as polyethylene, Fischer-Tropsch wax, 
chemical modified hydrocarbon wax, substituted amide wax, etc, vegetable waxes and animal waxes. 
[1172] Of the above waxes, synthetic waxes such as polyethylene and chemical modified hydrocarbon wax are 
prefen-ed. 

[1173] The above waxes (e-4) may be used singly or in combination with two or more. 
55 [11 74] In blending the olefin block copolymer (A- 1 ) with the wax (e-4), the olefin block copdymers (A-1 ) are used In 
an amount preferably from 1 0 to 99 parts by weight, more preferably 20 to 99 parts by weight based on the total amount 
of the copolymer (A-1 ) and the wax (e-4). 

[1175] The modifiers of the olefin polymer compositions (F), which comprise the olefin block copolymer (A-1) and 
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the wax (e-4), have excellent modifying effects in heat resistance, low-temperature properties and dispersibility. 
Cement (e-5) 

5 [1176] In the case of using the olefin block copolymer (A-1) as the cement modifier, the copolymer (A-1) may be 
mixed with the cement (e-5) for use. Examples of the cement (e-5) used herein may include air hardening cements 
such as lime, gypsum or magnesia cement; hydraulic cements such as Roman cement, natural cement, Portland 
cement, alumina cement, high sulfate slag cement, etc, and special cements such as acid proof cement, refractory 
cement, water glass cement, dental cement, etc. 

10 [1177] The above cements (e-5) may be used singly or in combination with two or more. 

[1178] In blending the olefin block copolymer (A-1) with the cement (e-5), the olefin block copolymers (A-1 ) are used 
In an amount preferably from 0.5 to 99 parts by weight, more preferably 1 to 99 parts by weight based on the total 
amount of the copolymer (A-1 ) and the cement (e-5). 

[1179] The modifiers of the olefin polymer compositions (F), which comprise the olefin block copolymer (A-1) and 
15 the cement (e-5), have excellent modifying effects in impact resistance and rigidity. 

Inks and Coatings (e-6) 

[1180] In the case of using the olefin block copolymer (A-1 ) as the modifier for inks and paints, the copolymer (A-1) 
20 may be mixed with the inks and coatings (e-6) for use. Examples of the inks and coatings (e-6) used herein may include 
inks such as letterpress printing ink, lithography ink. flexo graphic ink. rotogravure ink, etc. oil paint, cellulose derivative 
paint, synthetic resin coating, aqueous baking coating, powdery aqueous coating, Japanese lacquer and other special 
coatings. 

[1181] The above inks and coatings (e-6) may be used singly or in combination with two or more. 
25 [1182] In blending the olefin block copolymer (A-1 ) with the inks and coatings (e-6), the olefin block copolymers (A- 
1) are used in an amount preferably from 0.5 to 99 parts by weight, more preferably 1 to 99 parts by weight based on 
the total amount of the copolymer (A-1) and the inks and coatings (e-6). 

[1183] The modifiers of the olefin polymer compositions (F), which comprise the olefin block copolymer (A-1) and 
the inks and coatings (e-6), have excellent modifying effects in heat resistance, dispersibility and fixing properties. 

30 [1184] In addition to the olefin block copolymer (A-1), the thermoplastic resin (e-1), rubber (e-2). base material for 
lubricating oils (e-3), wax (e-4), cement (e-5) or Inks and paints (e-6), the olefin polymer compositions (F) may contain 
conventionally known components such as a crosslinklng agent, filler, crosslinking accelerator, crosslinking assistant, 
softener, tackifier, anti-aging agent, foaming agent, processing aid, adhesion-imparting agent, inorganic filler, organic 
filler, crystalline nucleating agent, heat stabilizer, weathering stabilizer, anli-oxidizing agent, antistatic agent, colorant, 

35 lubricant, flame retardant, blooming-inhibitor, rust preventive, detergent, anti-foaming agent, withstand load-addition 
agent, dispersant, drying agent, neutralizer. etc. The olefin polymer composition, further, may be mixed with foreign 
materials such as reinforcing fibers. Exemplary crosslinking agent, crosslinking accelerator, crosslinking assistant, 
softener, tackifier, anti-aging agent, foaming agent, processing aid, adhesion-imparting agent, inorganic filler, organic 
filler and crystalline nucleating agent are the same as described in the above. The loadings of the crosslinking agent 

40 and crosslinking accelerator are in the same ranges as described in the above. 

[1 185] The crosslinking agent loadings are in the above range, so that the crosslinking of the olefin block copolymer 
(A-1) or the olefin polymer composition (F) is properly carried out, and the resulting crosslinked products have excellent 
rubbery properties such as strain recovery, Impact resilience, etc and excellent mechanical strength. In extrusion sheet 
molding thereof, the molded sheet is free from surface roughening and has good appearance, and further, the molecular 

45 weight of the olefin block copolymer (A-1) or the olefin polymer composition (F) hardly lowers and the composition 
(molded article) shows a tendency to be excellent in mechanical strength. 

[1 186] The crosslinking treated compositions have evident rubbery properties such as excellent tensile strength and 
tear strength, and low surface hardness and low permanent set, and further have excellent balanced physical properties 
as elastomers in comparison with compositions obtained only by usual melt kneading. 
50 [1187] In preparing the crosslinked products from un-crosslinked composition containing a crosslinking agent, the 
un-crosslinked composition containing a crosslinking agent is prepared in advance and then the composition is molded 
into a desired shape and thereafter is subjected to crosslinking with heating, in the same manner as crosslinking of 
usual aibbers. 

[1188] Whether a composition is crosslinked is determined in such a way that the composition is boiled in boiling 
55 xylene for 4 hours or more and filtered with a 400 mesh metal net to obtain a residue and the crosslinking thereof is 
judged by the residue amount being 1 0 parts by weight or more or not based on the 1 00 parts by weight of the com- 
position. 

[1189] Examples of the inorganic filler for mixing with the olefin block copolymer (A-1) or the olefin polymer compo- 
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sitlon (F) may include powdery fillers, e.g. natural silicic acid or silicate such as finely powdery talc, kaolinite, calcined 
clay, pyrophyllite. sericite, wollastonite. etc. carbonates such as precipitated calcium carbonate, ground limestone, 
magnesium carbonate, etc, hydroxides such as aluminum hydroxide, magnesium hydroxide, etc, oxides such as zinc 
oxide, zinc white, magnesium oxide, etc, synthetic silicic acid or silicate such as water containing calcium silicate, water 
containing aluminum silicate, water containing silicic acid, anhydrous silicic acid, etc; 
flake fillers such as mica, etc; 

fibrous fillers such as basic magnesium sulfate whisker, calcium titanate whicker, aluminum borate whisker, se- 
piolite, PMF (Processes Mineral Fiber), xonotlite, potassium titanate, eilestadite, etc; and 

balloon fillers such as glass balloon, fty ash balloon, etc. 
[1190] In the invention, of these, it is preferred to use talc, and particularly fine powdery talc having an average 
particle diameter of 0.01 to 10 fim. 

[1191] The inorganic fillers used in the invention, particularly talc may be untreated or previously surface-treated. 
Examples of the surface treatment may include chemical or physical treatments using an agent for treatment such as 
sllane coupling agents, higher fatty acids, metal salts of fatty acids, unsaturated organic acids, organic titanates, resin 
acids, polyethylene glycols, etc. 

[1192] The above inorganic fillers may be used in combination with two or more. 

[1 1 93] Further, in the invention, organic fillers such as high sty/enes, lignin, reclaimed rubbers, etc can be used with 
these inorganic fillers. 

(Use) 

[1194] The olefin block copolymer (A-1 ) and the olefin polymer composition (F) are useful for various uses of mod- 
ifying, for example, resin modifiers, rubber modifiers, lubricating oil modifiers, wax modifiers, cement modifiers, ink and 
coating modifiers, etc. 

[1195] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the resin modifier, 
the olefin block copolymer (A-1 ) and the olefin polymer composition (F) containing the copolymer (A-1 ) preferably have: 

the PO^ segment, which is preferably an a-olefin polymer, more preferably an a-olefin homopolymer, a copolymer 
of ethylene and an a-olefin of 3 or more carbon atoms (molar ratio of ethylene units to a-olefin units of from 99/1 
to 60/40). a propylene/ethylene copolymer (molar ratio of propylene units to ethylene units of from 99/1 to 70/30) 
or a copolymer of propylene and an a-olefin of 4 or more carbon atoms (molar ratio of propylene units to a-olefin 
units of from 99/1 to 70/30), 

the g^ linkage which is an ether linkage or amide linkage, and 

the segment which is preferably a polymer obtainable from (meth)acrylic acid or ester thereof, a polymer ob- 
tainable from aromatic vinyl compounds or polyalkylene glycol. 

[1196] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the resin modifier, 
the olefin block copolymer (A-1) is preferably used in an amount of 1 to 50 wt% based on the total amount of the 
copolymer (A-1 ) or the olefin polymer composition (F) and the resin for modifying. 

[1197] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the rubber 
modifier, the olefin block copolymer (A-1) and the olefin polymer composition (F) containing the copolymer (A-1) pref- 
erably have: 

the PO^ segment, which is preferably an a-olefin/conjugated polyene copolymer or a-olefin/non-conjugated pol- 
yene copolymer, more preferably a copolymer of ethylene, an a-olefin of 3 or more carbon atoms and non-conju- 
gated polyene (molar ratio of ethylene units to a-olefin units of from 95/5 to 55/45), 
the gi linkage which is an ether linkage or amide linkage, and 

the segment which is preferably a polymer obtainable from aromatic vinyl compounds, or a polymer or copolymer 
obtainable from hetero cyclic compound residue-containing vinyl compounds. 

[1198] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the rubber 
modifier, the olefin block copolymer (A-1) is preferably used in an amount of 3 to 50 wt% based on the total amount of 
the copolymer (A-1) or the olefin polymer composition (F) and the rubber for modifying. 

[1199] In the case of using the olefin block copolymer (A-1 ) or the olefin polymer composition (F) as the lubricating 
oil modifier, the olefin block copolymer (A-1) and the olefin polymer composition (F) containing the copolymer (A-1) 
preferably have: 

the PO^ segment, whteh is preferably an a-olefin copolymer, more preferably a copolymer of ethylene and an o- 
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olefin of 3 or more carbon atoms (molar ratio of ethylene units to a-oiefin units of from 95/5 to 50/50), 
the linkage which Is an ether linkage or amide linkage, and 

the segment which is preferably a polymer obtainable from (meth)acrylk: acid or ester thereof. 

5 [1200] In the case of using the olefin block copolymer (A-1 ) or the olefin polymer composition (F) as the lubricating 
oil modifier, the olefin block copolymer (A-1 ) is preferably used in an amount of 0.5 to 20 wl% based on the total amount 
of the copolymer (A-1) or the olefin polymer composition (F) and the lubricating oil for modifying. 
[1201] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the wax modifier, 
the olefin block copolymer (A-1 ) and the olefin polymer composition (F) containing the copolymer (A-1 ) preferably have: 

10 

the PC segment, which is preferably an a-olefin polymer, more preferably an a-olefin homopolymer, a copolymer 
of ethylene and an a-olefin of 3 or more carbon atoms (molar ratio of ethylene units to a-olefin units of from 99/1 
to 75/25), a propylene/ethylene copolymer (molar ratio of propylene units to ethylene units of from 99/1 to 70/30) 
or a copolymer of propylene and an a-olefin of 4 or more carbon atoms (molar ratio of propylene units to a-olefin 
IS units of from 99/1 to 70/30). 

the g^ linkage which is an ether linkage or amide linkage, and 

the segment which is preferably a polymer obtainable f/om (meth)acrylic acid or ester thereof, a polymer ob- 
tainable from aromatic vinyl compounds or polyalkylene glycol. 

20 [1202] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the wax modifier, 
the olefin block copolymer (A-1) is preferably used in an amount of 0.5 to 50 wt% based on the total amount of the 
copolymer (A-1 ) or the olefin polymer composition (F) and the wax for modifying. 

[1203] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the cement 
modifier, the olefin block copolymer (A-l ) and the olefin polymer composition (F) containing the copolymer (A-1 ) pref- 
25 erably have: 

the PO^ segment, which is preferably an a-olefin homopolymer, a copolymer of ethylene and an a-olefin of 3 or 
more carbon atoms (molar ratio of ethylene units to a-olefin units of from 99/1 to 60/40), a propylene/ethylene 
copolymer (molar ratio of propylene units to ethylene units of from 99/1 to 70/30) or a copolymer of propylene and 
30 an a-olefin of 4 or more carbon atoms (molar ratio of propylene units to a-olefin units of from 99/1 to 70/30), 

the gi linkage which Is an ether linkage or amide linkage, and 

the B^ segment which is preferably a polymer obtainable from (meth)acrylic acid or ester thereof, or polyalkylene 

glycol. 

35 [1204] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the cement 
modifier, the olefin block copolymer (A-1 ) Is preferably used In an amount of 0.2 to 30 wt% based on the total amount 
of the copolymer (A-1) or the olefin polymer composition (F) and the cement for modifying. 

[1205] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the ink and 
coating modifier, the olefin block copolymer (A-1 ) and the olefin polymer composition (F) containing the copolymer (A- 
40 1) preferably have: 

the PO^ segment, which is preferably an a-olefin polymer, more preferably an a-olefin homopolymer, a copolymer 
of ethylene and an a-olefin of 3 or more carbon atoms (molar ratio of ethylene units to a-olefin units of from 99/1 
to 60/40), a propylene/ethylene copolymer (molar ratio of propylene units to ethylene units of from 99/1 to 70/30) 
45 or a copolymer of propylene and an a-olefin of 4 or more carbon atoms (molar ratio of propylene units to a-olefin 

units of from 99/1 to 70/30), 

the g^ linkage which is an ether linkage or amide linkage, and 

the B^ segment which is preferably a polymer obtainable by aromatic vinyl compounds or a polymer obtainable 
from (meth)acrylic acid or ester thereof. 

so 

[1206] In the case of using the olefin block copolymer (A-1) or the olefin polymer composition (F) as the ink and 
coating modifier, the olefin block copolymer (A-1) is preferably used in an amount of 0.1 to 20 wt% based on the total 
amount of the copolymer (A-1) or the olefin polymer composition (F) and the ink or coating for modifying. 

55 Filler-disperslbility improver 

[1207] Next, the filler dispersibility improver will be described. The filler dispersibility-improver of the invention com- 
prises the above olefin block copolymer (A-1 ). 
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[1 208] In the olefin block copolynner (A-1 ) as the filler dispersibility improver the PO^ segment desirably has a weight- 
average molecular weight of usually not less than 2,000, preferably 2,000 to 1 ,000,000, more preferably 2,000 to 
500,000, especially 5,000 to 100,000. 

[1209] Preferable examples of the PO^ segment of the olefin block copolymer (A-1 ) as the filler dispersibility improver 
5 are ethylene polymers such as ethylene homopolymer or ethylene/a-olefin copolymer; propylene polymers such as 
propylene homopolymer or propylene/a-olefin copolymer; bulene polymers such as butene homopolymer or butene/ 
ethylene copolymer; and 4-methyl-1 -pentene polymers such as 4-melhyl-1-pentene homopolymer, etc. 
[1210] The g'' linkage of the olefin block copolymer (A-1) as the filler dispersibility improver is preferably an ether 
linkage, ester linkage or amide linkage, further preferably ether linkage. 
10 [1 21 1 J The B'' segment of the olefin block copolymer (A-1 ) as the filler dispersibility improver is a functional segment 
obtainable by chain polymerization, preferably a functional segment comprising repeating units of an unsaturated hy- 
drocarbon and/or repeating units of a hetero atom, more preferably a functional segment obtainable by radical polym- 
erization, ring opening polymerization or ionic polymerization, specifically, a functional segment obtainable by radical 
polymerization or ring opening polymerization. 
15 [1212] Examples of the functional segment may include the same as in the above. The PO** segment and the 
segment each preferably comprise different polymers. 

[1213] The segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
1,000,000, more preferably 500 to 500.000. further preferably 1 ,000 to 500,000. 

[1214] The B"* segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
20 99.99 wt%, preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 5 to 90 wt%. 

[1215] The olefin block copolymer (A-1 ) as the filler dispersibility improver has a melt flow rate (MFR as measured 
in accordance with ASTM D 1238. at 230°C under a load of 2.16 Kg) of usually 0.01 to 2000 g/IOmin, preferably 0.05 
to 1000 g/10min. more preferably 0.1 to 1000 g/IOmin. 
[1216] Specifically, in the olefin block copolymer (A-1), 
25 the PO^ segment is preferably polypropylene, polyethylene, a random copolymer of ethylene and an a-olefin of 

3 or more carbon atoms or random copolymer of propylene and an a-olefin of 4 or more carbon atoms, more preferably 
polypropylene having a content of co-monomers selected from ethylene and an a-olefln of 4 or more carbon atoms of 
less than 1 0 mol%, polyethylene having a content of co-monomers selected from an a-olefin of 3 or more carbon atoms 
of less than 10 mol%, a random copolymer having an ethylene content of from 10 to 90 mol%, and a content of a- 
30 olefin of 3 or more carbon atoms of from 90 to 1 0 mol% or a random copolymer having a propylene content of from 1 0 
to 90 mol%, and a content of a-olefin of 4 or more carbon atoms of from 90 to 10 mol%, 
the g** linkage is preferably an ether linkage or ester linkage, and 

the segment is preferably a segment having a solubility parameter 6(cal/cm)0^ of 9 or more, preferably 10 or 
more. Examples of the segment having a solubility parameter 5(cal/cm)^-^ of 9 or more may include polyethyl meth- 

35 acrylate, polymethyl acrylate and poty-e-caprolactam. 

[1 21 7] The solubility parameter is easily determined by defining the primary structure of a polymer chain with known 
methods or database, for example, Polymer Handbook, Fourth Edition. VII, p675. The olefin block copolymer (A-1) 
desirably has the PO^ segment that is an ethylene/a-olefin copolymer or polypropylene, the g^ linkage that is an ether 
linkage and the B^ segment that is polyethyl methacrylate, styrene/maleic anhydride copolymer ornylon-6 in view of 

40 filler dispersibility and affinity with fillers. 

[1218] More specifically, preferably examples of the olefin block copolymer (A-1 ) as the filler dispersibility improver 
may include: 

a block copolymer wherein the PO"* segment is an ethylene/propylene copolymer (propylene content: 10 to 90 
^ mol%. Mw: 2.000 to 500.000), the g^ linkage is an ether linkage and the B"" segment is polyethyl methacrylate 

(Mw: 500 to 500.000). 

a block copolymer wherein the PO^ segment is polypropylene (Mw: 2.000 to 500.000), the g^ linkage is an ether 
linkage and the segment is a styrene/maleic anhydride copolymer (Mw: 500 to 500,000) and 
a block copolymer wherein the PO^ segment is polypropylene (Mw: 2.000 to 500.000), the g^ linkage is an ether 
30 linkage and the B^ segment is nylon-6 (Mw: 500 to 500,000). 

[1219] The filler dispersibility Improvers of the above olefin block copolymers (A-1 ) are used in. for example, mixing 
thermoplastic resins with fillers. Examples of the thenmoplastic resins may include the themioplastic resins (C) as 
described in the above, preferably polyolefins. 
55 [1220] The loadings of the filler dispersibility improvers are not particularly limited, for example, from 0.01 to 100 
parts by weight, preferably 0.1 to 20 parts by weight based on 100 parts by weight of the thermoplastic resins. 
[1221] The filler dispeislbility improvers of the invention have high affinity with the fillers so that they can improve 
the dispersibility of the fillers. Using such filler dispersibility improvers, the thenmoplastic resin compositions containing 
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the fillers can be improved in mechanical properties including rigidity, hardness, heat resistance, impact resistance 
and elongation. 

(Filler-containing resin composition) 

[1222] The filler -containing resin compositions of the invention comprise the olefin block copolymer (A-1) and the 
following fillers. 

[1223] The fillers used in the invention are inorganic filters and organic fillers. 

[1224] Examples of the Inorganic fillers used preferably may include silica, diatomaceous earth, alumina, titanium 
oxide, magnesium oxide, pumice powder, pumice balloon, aluminum hydroxide, magnesium hydroxide, basic magne- 
sium carbonate, dolomite, calcium sulfate, calcium titanate, barium sulfate, calcium sulfite, talc, clay, mica, asbestos, 
glass fiber, glass flake, glass beads, calcium silicate, montmorillonite, bentonite, boron fiber, carbon fiber, carbon black, 
carbon nano-fiber, aluminum powder and molybdenum sulfide. Further examples thereof may include those prepared 
by chemically linking of the above inorganic fillers with an organic matter. 

[1225] Examples of the organic fillers used preferably may Include fibers such as all aromatic polyamide fibers, 
aliphatic polyamide fibers, polyester fibers and cellulose fibers, and fine dispersions such as liquid crystal polyester 
and polyamide. 

[1226] Of these fillers, layered compounds are preferable and further, phyllosilicates having bloating tendency or 
cleavage properties to a dispersion medium such as water and alcohol are more preferable. 

[1227] The phyllosilicates are classified into a type having a two-layered structure comprising a silica tetrahedral 

layer and, on the upper side thereof, an octahedral layer having a central metal of aluminum or magnesium, and a type 

having a three-layered structure comprising two silica tetrahedral layers and, between thereof, an octahedral layer 

having a central metal of aluminum or magnesium. The former phyllosilicates having the two-layered structure are, for 

example, kaolinltes, antigorites, etc, and the latter phyllosilicates having the three-layered structure are, for example, 

smectites, vermlculltes. micas, etc having different number of cations which present between the layers. 

[1228] Specific examples of the phyllosilicates may include kaolinite, dickite. nacrlte, halloyslte, antigorite, chrysotile, 

pyrophylllte, montmorillonite, beidellite, nontronlte, saponite, sauconlte, stevenslte, hectorite, tetrasllyllc mica, sodium 

taeniolite, muscovite, mica fluoride, margarite, talc, vermicullte, phlogoplte, xanthophyllite and chlorite. 

[1229] Further, In the invention, those prepared by treating the phyllosilicates with an organic matter (hereinafter, 

sometimes referred to as "organic modified silicates") can be used as the phyllosilicate. 

[1230] Of the above phyllosilicates, the phyllosilicates suitably used for treatment with an organic matter are prefer- 
ably smectites, vermlculltes and micas, further preferably smectites, in viewpoint of bloating tendency and cleavage 
properties. Examples of the smectites may Include montmorillonite, beidellite, nontronlte, saponite, sauconlte, steven- 
slte and hectorite. 

[1231] The organic modified silicates can be prepared, for example, by immersing the phyllosilicates in a dispersion 
medium to bloat or cleave them and organizing ions present between the layers of the phyllosilicates. 
[1232] Examples of the dispersion medium for bloating or cleaving the phyllosilicates may include ak^ohols such as 
methanol, ethanol, propanol, isopropanol, ethylene glycol or diethylene glycol, water, dimethyl formamlde, dimethyl 
sulfoxide and acetone, and preferably alcohols such as methanol, and water. 

[1233] The phyllosilicates thus bloated or cleaved organize interiaminar Ions. When the interlamlnar Ions are cations 
such as sodium ion, It is preferred to exchange the cations with organic ammonium Ions. Examples of compounds 
used for the exchange reaction may include 12-aminododecanicacid, dimethyl dioctadecyl ammonium chloride, etc. 
[1234] The filler-containing resin compositions of the invention comprise the olefin block copolymers (A-1) in an 
amount of usually from 10 to 90 parts by weight, preferably 20 to 80 parts by weight, and the fillers in an amount of 
usually from 90 to 10 parts by weight, preferably 80 to 20 parts by weight. 

[1235] The filler-containing resin compositions of the Invention may comprise two or more kinds of the olefin block 
copolymers and two or more kinds of the fillers. 

[1 236] The filler-containing resin compositions of the invention, further, may comprise the above themnoplastic resins 
(C). a nucleating agent and conventionally known additives used for other synthetic resins in proper proportions. The 
thermoplastic resins (C) may be used singly or in combination with two or more. 

[1237] The loadings are not limited particulariy, for example, based on 1 00 parts by weight of the themioplastic resin 
(C), it is usual to use 0.01 to 150 parts by weight of the olefin block copolymer (A-1) and 0.01 to 300 parts by weight 
of the filler. It Is preferred to use 0.1 to 20 parts by weight of the olefin block copolymer (A-1) and 0.1 to 40 parts by 
weight of the filler. It is further preferred to use 0.5 to 1 0 parts by weight of the olefin block copolymer (A-1 ) and 0.5 to 
20 parts by weight of the filler. 

[1238] In the case of blending the filler-containing resin compounds with the thermoplastic resins, the filler-containing 
resin compounds are used in an amount of 0.01 to 450 parts by weight, preferably 0.1 to 60 parts by weight, more 
preferably 1 to 30 parts by weight based on 100 parts by weight of the thermoplastic resins. 
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(Process for preparing the filler-containing resin composition) 

[1 239] The filler-containing resin composition of the invention can be prepared by mixing the olefin block copolymers 
(A-1) and the fillers. 

5 [1240] All the mixing methods are employable as the process for mixing them. Examples thereof may Include a 
method of dispersing the olefin block copolymers {A-1 ) and the fillers in a solvent and thereafter removing the solvent, 
a method of melt mixing the olefin block copolymers (A-1) and the fillers using a device such as a roll, extruder or 
Brabender and a method of mixing the olefin block copolymers (A-1 ) and the fillers, in powdery states, using Henschel 
mixer or ribbon blender. 

10 [1241] Further, as the process for preparing the filler-containing resin compositions, there is a method that olefins of 
2 to 20 carbon atoms are polymerized or copolymerized and thereafter, chain-polymerizable monomers such as rad- 
ically polymerizable monomers, ring opening polymerizable monomers or ionically polymerizable monomers are po- 
lymerized or copolymerized in the presence of the resulting polyolef in prepared the above polymerization and the fillers. 
In the process for preparing the olefin block copolymer (A-1) as described above, radical polymerization, ring opening 

15 polymerization or ionic polymerization is carried out in the presence of the fillers. 

[1242] The fillers used in the methods are preferably layered compounds having bloating tendency and cleavage 
properties, more preferably organic modified silicates, particularly preferably organic modified silicates having inter- 
laminar ions exchanged with organic ammonium ions. The organic modified silicates used herein may be impregnated 
with radically polymerizable monomers or ring opening polymerizable monomers or polymerization solvents such as 

20 toluene, xylene, hexane and decane. 

[1243] The filler-containing resin compositions prepared by the methods, in which the fillers are very favorably dis- 
persed in the olefin block copolymers (A-1), have excellent interfaclal adhesion between the olefin block copolymers 
(A-1) and the fillers, and have excellent physical properties such as elastic modulus and heat resistance. 

25 (Use) 

[1 244J The filler dispersibility improvers of the invention can be used for themioplastic resins and themriosetting resin 
both containing the fillers, and are preferably used for polyolefins. 

[1245] Further, the themioplastic resins and themriosetting resin compositions both containing the filler dispersibility 
30 improvers, and the filler-containing resin compositions according to the invention can be molded by all of known meth- 
ods. 

[1246] For example, calender molding, extrusion molding, injection molding: blow molding, press molding, stamping 

molding, etc can prepare them. 

[1247] The extrusion molding can mold sheets or films (un-stretched), pipes, tubes or electric wires. 

35 [1248] Stretched films can be prepared by stretching the above extruded sheets or extruded films (un-stretched) 
with, for example, a tenter method (lengthwise-crosswise stretching, crosswise-lengthwise stretching), biaxial co- 
stretching method or uniaxial stretching method, and further inflation films can be prepared in the same manner 
[1249] Filaments can be prepared by extruding, for example, molten compositions through a spinning nozzle. 
[1250] Injection molded articles can be prepared by Injection molding compositions into various shapes using con- 

40 ventionally known injection molding devices in known conditions. 

[1251 ] Blow molded articles can be prepared using conventionally known blow molding devces In known conditions. 
[1252] Stamping molded articles are prepared by stamping molding. 

[1253] The molded articles prepared by the above methods are in wide use including from home use to industrial 
use. The molded articles prepared such methods are, for example, electric parts, electronic parts, vehicle parts, me- 
45 chanical machinery parts, food vessels, films, sheets, fibers, etc. 

[1254] Example thereof may include office supplies and OA machinery such as printer, personal computer, word 
processor, keyboard, PDA (personal digital assistance), telephone, facsimile, copying machine, ECR (electronic cash 
resister), electronic calculator, electronic pocket notebook, electronic dictionary, card, holder, stationary, etc; 

home electric appliances such as washing machine, refrigerator, vacuum-cleaner, microwave oven, light, game 
50 machine, iron, kotatsu, etc; 

AV appliances such as TV, VTR, video camera, a combination tape recorder and radio, tape recorder, mini disc, 
CD player, speaker, liquid crystal display, etc; 

electric and electronic parts and communication apparatus such as connector, relay, condenser, switch, printed 
circuit board, coll bobbin, semi-conductor sealant materials, electric wire, cable, trans, deflected yoke, distributing 
55 board, watch, etc. 

[1255] Further examples thereof may include materials for automobile, vehicle, ship, airplane, and construction such 
as seat (pad, surface fabric, etc), belt, ceiling fabric, convertible top, arm rest, door trim, rear package tray, carpet, mat, 
sun visor, wheel cover, mattress cover, air bag, insulate, hanger, hanger belt, electrk: wire covering materials, electric 
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insulate, coatings, coating materials, facing materials, floor materials* corner wall, deck panel, covers, veneers, ceiling 
plate, partition plate, side wall, carpet, wallpaper wall materials, facing materials, interior materials, roof materials, 
sound Insulation plate, heat insulating plate, window materials; and 

daily and sport goods such as clothing, curtain, sheets, veneers, synthetic fiber plate, carpet, entrance mat, 
5 sheets, bucket, hose, vessel, glasses, bag, case, goggle, ski plate, racket, tent, musical instrument, etc. 

[1256] Furthermore examples thereof may include bottles for shampoo or detergent, spice bottles for edible oil or 
soy source, bottles for beverages such as mineral water or juice, lunch box, heat resistant vessels such as chawan- 
mushi bowl, tableware such as dish, chopsticks, etc, and other various food containers, packaging film and packaging 
bag. 

10 [1257] The filler dispersibility improvers of the invention have higher affinity with the fillers as compared with con- 
ventionally known potyolefins and can enhance the dispersibility of the fillers. 

[1 258] The filler-containing resin compositions of the invention have mechanical properties such as rigidity, hardness, 
heat resistance, impact resistance and elongation. Further, the filler-containing resin compositions of the invention 
have high dispersibility to polyolefins particularly. When the filler-containing resin compositions of the invention, even 

15 in a small amount are blended with resins, for example, polyolefins, the mechanical properties of the polyolefins can 
be improved. For example, when the filler-containing resin compositions are used for polypropylene alloys for injection 
molding, ethylene/propylene rubber or polyethylene for electrjc wires, the moldability thereof is Improved, and the 
mechanical properties such as rigidity, hardness, heat resistance, impact resistance and elongation are improved. 
[1259] According to the process for preparing the filter-containing resin compositions of the invention, the fillers are 

20 finely dispersed in the resins so that the compositions having excellent affinity between the filters and the resins can 
be prepred. Adding the compositions thus prepared even in a smalt amount to polyolefin resins, the mechanical prop- 
erties thereof can be improved. 

Dispersion 

25 

[1260] The dispersions of the invention comprise the above olefin block copolymer (A-1) or olefin polymer compo- 
sition (D), which are dispersed in a liquid phase, 

[1261] The dispersions may include an aqueous resin dispersion in which the olefin block copolymer (A-1) or olefin 
polymer composition (D) are dispersed in water and an oily resin dispersion in which the olefin block copolymer (A-1) 
30 or olefin polymer composition (D) are dispersed in an organic medium. 

Aqueous resin dispersion 

[1262] First, the aqueous resin dispersion will be described. 
55 [1263] In the aqueous resin dispersion, the olefin block copolymer (A-1 ) or olefin polymer compositions (D) are dis- 
persed in water. 

[1264] In the olefin block copolymers (A-1 ) or that contained in the olefin polymer composition (D), used in the aque- 
ous resin dispersion, the PO^ segment desirably has a weight-average molecular weight of usually not less than 2,000, 
preferably 2,000 to 1 .000,000, more preferably 10,000 to 800,000, especially 50,000 to 500,000. 
40 [1 265] Preferable examples of the PO"" segment are ethylene polymers such as ethylene homopolymer and ethylene/ 
a-olefin copolymer; propylene polymers such as propylene homopolymer and propylene/a-olefin copolymer; butene 
polymers such as butene homopolymer and butene/ethylene copolymer; and 4-methyl-1 -pentene polymers such as 
4-methyM -pentene homopolymer. 

[1266] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), used in the 
45 aqueous resin dispersion, the gi linkage is preferably an ether linkage, ester linkage or amide linkage, further preferably 
ether linkage. 

[1267] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), used in the 
aqueous resin dispersion, the B'' segment is a functional segment obtainable by chain polymerization, preferably a 
functional segment comprising repeating units of an unsaturated hydrocari^on and/or repeating units of a hetero atom, 
so more preferably a functional segment obtainable by radical polymerization, ring opening polymerization or Ionic po- 
lymerization, specifically, a functional segment obtainable by radical polymerization or ring opening polymerization. 
[1268] Examples of the functional segment may include the same as in the above. The PO^ segment and the 
segment preferably comprise different polymers each other. 

[1269] The B^ segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
55 1 ,000,000. more preferably 2,000 to 800,000, specifically 10,000 to 500,000. 

[1270] The 6*^ segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt%, preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 1 to 90 wt%. 

[1271] The olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D). used in the aqueous 
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resin dispersion, have a mett flow rate (MFR as measured in accordance with ASTM D 1238, at 230*^0 under a load 
of 2.16 Kg) of usually 0.01 to 200 g/10min preferably 0.05 to 100 g/10min, more preferably 0.05 to 80 g/IOmin. 
[1272} In viewpoint of good aqueous dispersibility and excellent heat sealing properties with polyoleflns, the olefin 
block copolymer (A-1) and that contained in the olefin polymer composition (D), used in the aqueous resin dispersion 
s desirably comprise: 

the PC segment which is an ethylene homopotymer, a random copolymer of ethylene and a-olefin having 3 to 20 
carbon atoms (a-olefin of 3 to 20 carbon atoms content: less than 10 mol%). propylene homopolymer, propylene/ 
ethylene random copolymer (ethylene content: less than 10 moP^). random copolymer of propylene and a-olefin 

'0 having 4 to 20 carbon atoms (a-olefin of 4 to 20 carbon atoms content: less than 10 mol%), random copolymer of 

ethylene and a-olefin having 3 to 20 carbon atoms (ethylene content: 1 0 to 90 mol%, a-olefin of 3 to 20 carbon 
atoms content: 90 to 10 mol%) or random copolymer of propylene and a-olefin having 4 or more carbon atoms 
(propylene content: 10 to 90 mol%, a-olefin of 4 to 20 carbon atoms content: 90 to 10 mol%), and 
the B'' segment which is a homopolymer of (meth)acrylic acid and derivative thereof such as polymethyl methacr- 

15 ylate, copolymer of at least two monomers selected from (meth)acrylic acid and derivative thereof, polyalkylene 

glycols of 2 to 4 carbon atoms such as polyethylene glycol or polypropylene glycol, polyvinyl alcohol or polyhy- 
droxyalkyl (meth)acrylates such as poly(2-hydroxyalkyl methacrylate). 

[1273] More specifically, preferably examples of the olefin block copolymers (A-1 ) may include: 

20 

a block copolymer wherein the PO^ segment is polyethylene (Mw: 2,000 to 1 .000,000). the linkage is an ether 
linkage and the segment Is polyethylene glycol (Mw: 500 to 1 ,000,000), 

a block copolymer wherein the PO^ segment is polyethylene (Mw: 2,000 to 1 ,000,000), the g^ linkage is an ether 
linkage and the B^ segment is poly(2-hydroxyethyl methacrylate (Mw: 500 to 1 ,000.000) , 
25 a block copolymer wherein the PO^ segment Is polyethylene (Mw: 2.000 to 1 ,000,000), the g^ linkage is an ether 

linkage and the B^ segment is polyvinyl alcohol (Mw: 500 to 1 ,000,000), 

a block copolymer wherein the PO^ segment Is polypropylene (Mw: 2,000 to 1 ,000,000), the g^ linkage is an ether 
linkage and the B^ segment is polyethylene glycol (Mw: 500 to 1 ,000,000), 

a block copolymer wherein the PO^ segment Is an ethylene/butene copolymer (butene content: 0.1 to 30 mol%, 
30 Mw: 2,000 to 1,000,000), the g^ linkage is an ether linkage and the B^ segment is polyethylene glycol (Mw: 500 

to 1.000,000), 

a block copolymer wherein the PO^ segment Is homopolypropylene (Mw: 2,000 to 1 ,000.000), the g^ linkage is an 
ether linkage and the B"" segment is poly(hydroxyethyl acrylate) (Mw: 500 to 1 ,000,000), 

a block copolymer wherein the PO^ segment Is LLDPE (Mw: 2,000 to 1 ,000,000), the g^ linkage is an ether linkage 
35 and the B^ segment is poly(vinyl pyrrolidone) (Mw: 500 to 1 ,000,000), and 

a block copolymer wherein the PC segment is an ethylene/octene copolymer (Mw: 2,000 to 1 ,000,000), the g^ 
linkage is an ether linkage and the B^ segment is poly(acrylamtde) (Mw: 500 to 1,000,000). 

[1274] Using the olefin block copolymers (A-1) or the olefin polymer compositions (D), as described In the above, 
^ dispersions having a smaller dispersion particle diameter and a narrower particle size distribution can be prepared as 
compared with using conventionally known modified polyolefins prepared by modifying polyolefins with a polar mon- 
omer 

[1275] The aqueous resin dispersions of the invention comprise the olefin block copolymers (A-1) or the olefin pol- 
ymer compositions (D), dispersed in water 

[1 276] The aqueous resin dispersions of the invention may optionally contain a modified polyolef in and/or a surfactant 
within the limit of not missing the object of the Invention. 

(Modified polyolefins) 

so [1277] The modified polyolefins are prepared by graft modifying polymers prepared from a-olefins of 2 to 20 carbon 
atoms with an ethylenically unsaturated carboxylic acid compound. 

[1 278] The polyolefins (raw material polyolefins): which are raw materials for the modified polyolefins, have a viscosity 
average molecular weight of generally from 1,000 to 50,000, preferably 2,000 to 30,000, more preferably 5,000 to 
10,000. Further, the polyolefins have a melt viscosity measured at ISO^'C of generally 10 to 5,000 cps, preferably 20 
ss to 2,000 cps, more preferably 30 to 1 ,000 cps In order to attain good emulsification. 

[1279] Such raw material polyolefins can be prepared by conventionally known various methods. Example thereof 
may include a method that a-oleflns are polymerized using the above-described transition metal catalysts such as 
metallocene catalyst, to have the prescribed molecular weight and a method that polyolefins having a high molecular 
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weight are polymerized by using the transition metal catalysts and degraded with heating. 

[1280] The ethylenically unsaturated carboxylic acid compounds used in graft modifying the raw material polyolefins 
may include compounds having an ethylenically unsaturated bonding in molecule, and having a carboxylic acid and 
carboxylic anhydride, and derivatives of the compounds. 
5 [1281] Examples thereof may Include: 

ethylenically unsaturated carboxylic acids such as acrylic acid, methacrylic acid, a-ethyl acrylic acid, maleic acid, 
fumaric acid, itaconic acid, sitraconic acid, tetrahydrophthalic acid, methyl tetrahydrophthallc acid, endocis-bicycio 
[2,2,1 )hepto-5-ene-2,3-dicarboxylic acid (nadic acid^") or methyl-endocis-bicyclo[2,2,1]hepto-5-ene-2,3-dicarbo- 
10 xylic acid (methyl nadic acid ^"), and 

ethylenically unsaturated carboxylic acid derivatives such as acid hatide, amide, imide, acid anhydride or ester 
thereof. Examples of the ethylenically unsaturated carboxylic acid derivatives may include malenyl chloride, male- 
imide. maleic anhydride, citraconic anhydride, maleic acid monomethyl and maleic acid dimethyl. 

15 [1 282] Of these, preferred are acrylic acid, methacrylic acid, maleic anhydride, methylacrylate. ethyl acrylate. methyl 
methacrylate and ethyl methacrylate. 

[1283] These ethylenically unsaturated carboxylic acid compounds may be used singly or in combination with two 
or more, and further, may be used in combination with other monomers within the limit of not missing the effect of the 
invention. 

20 [1284] Examples of the monomers used in combination with the ethylenically unsaturated carboxylic acid compounds 
may include: 

amino group-containing ethylenically unsaturated compounds such as dimethylamino ethylacrylate, acrylamine, 
aminoethyl methacrylate, dimethylamlnoethyl methacrylate, aminopropyl methacrylate, N,N-dlmethyl aminopro- 
25 pylacryl amide, or aminostyrene; 

hydroxy group-containing ethylenically unsaturated compounds such as 2-hydroxyethyl acrylate, 2-hydroxypropyl 
acrylate, 2-hydroxyethyl methacrylate or allyl alcohol; and 

styrene hydrocarbon compounds such as styrene, a-methyl styrene, o-methyl styrene, m-methyl styrene, p-methyl 
styrene, m-ethyl styrene, p-ethyl styrene. o-isopropyl styrene, m-isopropyl styrene or p-isopropyl styrene. 

30 

[1 285] The proportion of the ethylenically unsaturated carboxylic acid compounds contained in all the graft monomer 
components is preferably not less than 50. 

[1286] The preparation of the modified polyolefins can be carried out in accordance with known processes, for ex- 
ample, the process as described in JP-B-52-22988/1977. 
35 [1287] Specifically, the raw material polyolefin is molten with heat at a temperature higher than the softening point 
thereof, and the ethylenically unsaturated carboxylic acid compound and a peroxide are simultaneously added dropwise 
to it successively with stirring to perform graft polymerization. 

[1288] The modified polyolefins have a viscosity average molecular weight of generally 1 ,000 to 50,000, preferably 
2,000 to 20,000. more preferably 5,000 to 10,000. 
40 [1289] The amount of the ethylenically unsaturated carboxylic acid compound units contained in the modified poly- 
olefins is generally 1 .0 x 10'^ to 0.2 equivalent mole, preferably 5.0 x 10'^ to 0.15 equivalent mole, more preferably 
0.01 to 0.1 equivalent mole, per 100 g of the modified polyolefins. 

[1290] The modified polyolefins may be used singly or In combination with two more kinds. 

45 (Surfactant) 

[1 291 ] Examples of the surfactants may include: 

sulfonic acid or carbonic acid type anionic surfactants such as alkyi naphthalene sulfonate, Na salt of naphthalene 
so sulfonic acid fonnaldehyde condensate. Na salt of cresol/schaffer acid fomialdehyde condensate, Na salt of alkyI 

diphenyl ether disulfonic acid, Ca salt of lignin sulfonic acid, Na salt of melanin resin sulfonic acid, special poly- 
acrylate, gluconic acid salt: olefin/maleate copolymer, Na salt of carboxymethyl cellulose, metallic soaps(Zn, Al, 
Na or K salt), K salt of oleic acid (potassium oleate), Na salt of oleic acid (sodium oleate), K salt of stearic acid 
(potassium stearate), Na salt of stearic acid (sodium stearate). K salt of beef tallow ackl, Na salt of beef tallow 
55 acid or triethanol amine strearate; 

nonionic surfactants such as fatty acid monoglyceride, sorbitan fatty acid ester, sugar fatty acid partial ester, pol- 
yglycerin fatty acid partial ester, polyoxy ethylene alkylether, polyoxyethylene alkylphenyl ether, polyoxy ethylene 
sorbitan fatty acid partial ester, polyoxyethylene sorbitol fatty acid partial ester, polyoxy ethylene glycerin fatty acid 
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partial ester, potyoxyethylene fatty amine, potyoxy ethylene (hardened)castor oil, potyoxy ethylene glycohoi fatty 
acid ester, polyoxyethylene potyoxy propylene/block polymer, hydroxyethyl cellulose, polyvinyl alcohol, polyvinyl 
pyrrolldone or methyl cellulose; 

cationic surfactants such as alkylammonium chloride, irimethylalkyl ammonium bromide or alkylpyridinium chlo- 
s rrde; and 

ampholytic surfactants such as dimethylalkyi betaine and alkyi glycine. 

[1292] Of these, it is preferred to use the anbnic surfactants, more preferably, higher fatty acids, further preferably 
saturated or unsaturated higher fatty acid salts of 10 to 20 carbon atoms, specifically alkali metal salts because of 
10 preparing the more stable aqueous resin dispersions, 

[1293] Examples of the alkali metal salts may include capric acid, undecanoic acid, lauric acid, myristic acid, palmitic 
acid, margaric acid, steark; acid, arachic acid, linderic acid, tsuzuic acid, petroselinic acid, oleic acid, linolic acid, linoleic 
acid, arachidonic acid and beef tallow acid. 

[1294] The above surfactants can be used singly or in combination with two or more. 

IS 

(Process for preparing aqueous resin dispersions) 

[1295] For example, the aqueous resin dispersions of the invention can be prepared by dispersing, in an aqueous 
disperse medium, the olefin block copolymer (A-1) or the olefin polymer composition (D), and optionally the modified 
20 polyolefin, the surfactants and various compounding agents 

[1296] Examples of the process are the following processes (1 ) and (2). 

(1 ) A process that the olefin block copolymer (A-1 ) or the olefin polymer composition (D) is dissolved in an organic 
medium such as toluene and xylene to have a concentration of 10 to 50 wt%, are added to water together with an 

2s hydrophilic medium such as methyl alcohol, ethyl alcohol or isopropyl alcohol, and an emulslfier, and stirred with 

a homo-mixer, etc to prepare an emulsified product and subsequently the organic medium and the emulsifier are 
removed with an evaporator, etc. 

(2) A process of a step of melt kneading the olefin block copolymer (A-1) or the olefin polymer composition (D) 
and thereafter adding water to the resulting kneadate so as to knead the resin in a molten state with water, and a 

30 step, if the modified polyolefin is un-neutralized, of simultaneously or successively adding a basic substance there- 

to. 



[1297] Of these, it Is preferred to prepare the aqueous resin dispersions by the process (2). 

[1298] The process (2) will be described in more detail in below. First, the olefin block copolymers (A-1 ) or the olefin 
35 polymer compositions (D) are melt kneaded. The temperature in the melt kneading is not lower than the melting point 
of the olefin block copolymers (A-1 ) or not lower than the highest melting point of resins contained in the olefin polymer 
composition (D), preferably not lower than temperature such that the melt viscosity is 1 0^ poise or less. 
[1299] Next, water is added to the melt kneadate, and the resins in a molten state and water are kneaded so that 
the resin solid components are dispersed particles. In the case of using un-neutralized and/or un^saponlficated modified 
^ polyolefins, a basic substance can be added for the sake of neutralization thereof in this step. 

[1300] Examples of the basic substance are substances for acting as a base in water such as alkali metals, alkali 
earth metals, ammonia oramine; alkali metal oxides, hydroxkjes, weak acid salts or hydrogen ated products; substances 
for acting as a base in water such as alkali earth metal oxides, hydroxides, weak acid salts, hydrogenated products; 
and alkoxides of these metals. These substances are exemplified in below. 
45 [1301] Examples of alkali metals are sodium and potassium. 

[1302] Examples of alkali earth metals are calcium, strontium and barium. 

[1303] Examples of amines are inorganic amines such as hydroxy amine or hydrazine, methyl amine, ethyl amine, 
ethanol amine and cyclohexyl amine. 

[1304] Examples of alkali metal and alkali earth metal oxides, hydroxides, hydrogenated products are sodium oxide, 
50 sodium peroxide, potassium oxide, potassium peroxide, calcium oxide, strontium oxide, barium oxide, sodium hydrox- 
ide, potassium hydroxide, calcium hydroxide, strontium hydroxide, barium hydroxide, sodium hydrogenated, potassium 
hydrogenated and calcium hydrogenated. 

[1305] Examples of alkali metal and alkali earth metal weak acid salts are sodium carbonate, potassium carbonate, 
sodium hydrocarbon, potassium hydrocari3on, calcium hydrocarbon, sodium acetate, potassium acetate and calcium 
55 acetate. 

[1306] Examples of ammonia and amine compounds are quaternary ammonium compounds such as ammonium 
hydroxide and tetra-methyl ammonium hydroxide. 

[1307] The basic substances may be added as they are, preferably In an aqueous state. 
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[1308] The step of making the resin solid components into dispersed particles and the step of neutralizing un-neu- 
trallzed and/or un-saponiflcated modified polyolefin may be carried out successively or simultaneously. 
[1309] The melt kneading means may be any of conventionally known methods, for example, suitably, kneader, 
Banbury mixer and multi-screw extruder. 

[1310] The molten resin-dispersed aqueous dispersions prepared by melt kneading with successive addition of water 
are cooled to room temperature naturally or forcedly. In this cooling, the dispersed particles solidify to become stable 
aqueous resin dispersions. 

[131 1] In the preparation of the aqueous resin dispersions of the invention, of course, use made of various assistant 
materials usable for usual aqueous resin dispersions, for example, stabilizers, wetting agents, foaming agents, anti- 
foam agentS: coagulating agents, gelatinizing agents, anti-aging agents, plasticizers, fillers, colorants, re-odorants, 
surface tack eliminators and release agents. 

[1312] The dispersed particles contained in the aqueous resin dispersion of the invention thus prepared are usually 
spherical, but they are not always necessary to be spherical. 

[1313] The average particle diameter of the dispersed particles is not particularly limited, usually from 1 to 20 ^m. 
preferably 5 to 16 ^im. Further, the particle concentration in the aqueous resin dispersions (solid component concen- 
tration) is not particularly limited, usually^ from 5 to 40 wt%. 

(Use) 

[1314] The aqueous resin dispersions of the invention are suitable for bonding to polyolefins such as polyethylene, 
polypropylene, etc, which bonding has been difficult conventionally, and effective in bonding between polyolefins each 
other or between polyolefins and other materials. 

[1315] Examples of the other materials may include any one of cloth, fibers, plastics, papers and metals. 
[1316] Examples of cloth or fibers are natural fibers such as cotton and linen; inorganic fibers such as glass fiber, 
carbon fiber, asbestos fiber and metal fiber; regenerated fibers such as viscose rayon and cupra; semi-synthetic fibers 
such as di- or triacetate fibers; nylon-6, nylon-66, and polyester (polyethylene terephthalate) fiber; aromatic polyamide 
fiber, acrylic fiber, polyvinyl chloride fiber, polyolefin fiber, and in-sotubilized or sparingly solubilized polyvinyl alcohol 
fibers. When the fibers are short, they are applicable for bonding by flocking. 

[1317] Examples of plastics are, in addition to polyolefins, polyvinyl chloride, ABS, polyester, polyamide, polycar- 
bonate, epoxy resin and the tike, and the shapes thereof applicable for bonding are sheet, film and other molded articles. 
[1318] The aqueous resin dispersions of the invention are applied on the adherend surface in the same manner as 
conventional aqueous dispersion adhesives, and optionally dried with heat to perform bonding thereof. 
[1319] The aqueous resin dispersions of the invention can act as an adhesive of excellent adhesive strength for 
polyolefins. 

Oily resin dispersions 

[1320] Next, the oily resin dispersions are described. 

[1321] The oily resin dispersions of the invention comprise the olefin block copolymer (A-1) or the olefin polymer 
composition (D), which is dispersed in an organic medium. 

[1322] In the olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), which are used 
for the oily resin dispersions, the PO^ segment desirably has a weight-average molecular weight of usually not less 
than 2,000, preferably 2,000 to 1 ,000,000, more preferably 10,000 to 800,000, especially 50,000 to 500,000. 
[1 323] Preferable examples of the PC segment are ethylene polymers such as ethylene homopolymer and ethylene/ 
a-olefin copolymer; propylene polymers such as propylene homopolymer and propylene/a-olefin copolymer; butene 
polymers such as butene homopolymer and butene/ethytene copolymer; and 4-methyl-1 -pentene polymers such as 
4-methyl-1 -pentene homopolymer. 

[1324] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D). which are used 
for the oily resin dispersions, the g1 linkage is preferably an ether linkage, ester linkage or amide linkage, further 
preferably ether linkage. 

[1325] In the olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), which are used 
for the oily resin dispersionS: the segment is a segment obtainable by chain polymerization, preferably a functional 
segment comprising repeating units of an unsaturated hydrocartDon and/or repeating units of a hetero atom, more 
preferably a functional segment obtainable by radk:al polymerization, ring opening polymerization or ionic polymeriza- 
tion, specifically, a functional segment obtainable by radical polymerization or ring opening polymerization. 
[1326] Examples of the functional segment may include the same as in the above. The PO^ segment and the 
segment each preferably comprise different polymers. 

[1327] The segment has a weight-average molecular weight of usually not less than 500, preferably 500 to 
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1.000,000, more preferably 2.000 to 800.000, specifically 10.000 to 500,000. 

[1328] The segment is contained in an amount based on the olefin block copolymer (A-1) of preferably 0.01 to 
99.99 wt%. preferably 1 to 99 wt%, more preferably 1 to 95 wt%, specifically 1 to 90 wt%, 

[1329] The olefin block copolymer (A-1) and that contained in the olefin polymer composition (D), which are used 
5 for the oily resin dispersions, desirably have a mert flow rate (MFR as measured In accordance with ASTM D 1 238. at 
230^*0 under a load of 2.16 Kg) of usually 0.01 to 200 g/IOmin, preferably 0.05 to 100 g/IOmin, more preferably 0.05 
to 80 g/IOmin. 

[1330] In the olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D). used in the oily 
resin dispersion, in view of good dispersibility to solvents and excellent heat seal properties with polyolefinSp the PO^ 

10 segment is preferably an ethylene homopolymer, a random copolymer of ethylene and a-olefin of 3 to 20 carbon atoms 
(a-olef in of 3 to 20 carbon atoms content: less than 1 0 mol%), propylene homopolymer, propylene/ethylene random 
copolymer (ethylene content: less than 10 mol%), a random copolymer of propylene and a-olef in of 4 to 20 carbon 
atoms (a-olef in of 4 to 20 carbon atoms content: less than 10 mo{%), a random copolymer of ethylene and a-olef in of 
3 to 20 carbon atoms (ethylene content: 10 to 90 mol%, a-olefin of 3 to 20 carbon atoms content: 90 to 10 mol%) or 

15 a random copolymer of propylene and a-olefin of 4 or more carbon atoms (propylene content: 1 0 to 90 mol%, a-olefin 
of 4 to 20 carbon atoms content: 90 to 1 0 mol%), and 

the segment is preferably a homopolymer of (meth)acrylic acids and derivatives thereof such as polymethyl 
methacrylate. a copolymer of two or more monomers selected from(meth)acrylic acids and derivatives thereof, poly- 
alkylene glycols of 2 to 4 carbon atoms such as polyethylene glycol, polypropylene glycol and polyvinyl alcohol, or 

20 polyhydroxy alkyl(meth)acrylates such as poly(2-hydroxyaIkylmethacrylate). 

[1331] In the olefin block copolymer (A-1 ) and that contained in the olefin polymer composition (D), used in the oily 
resin dispersion, in view of stable dispersibility and good heat seal properties, the PO^ segment is preferably an ethylene 
homopolymer, a random copolymer of ethylene and a-olefin of 3 to 20 carbon atoms (a-olefin of 3 to 20 carbon atoms 
content: less than 10 mol%), a propylene homopolymer, a propylene/ethylene random copolymer (ethylene content: 

25 less than 10 mol%), a random copolymer of propylene and a-olefin of 4 to 20 carbon atoms (a-olefin of 4 to 20 carbon 
au.ms content: less than 10 mol%). a random copolymer of ethylene and a-olefin of 3 to 20 carbon atoms (ethylene 
content: 1 0 to 90 mol%, a-olefin of 3 to 20 carbon atoms content: 90 to 1 0 mol%) or a random copolymer of propylene 
and a-olefin of 4 or more carbon atoms (propylene content: 1 0 to 90 mol%, a-olefin of 4 to 20 carbon atoms content: 
90 to 10 mol%), and 

30 the B1 segment is preferably a homopolymer of (meth)acrylic acids and derivatives thereof such as polymethyl 

methacrylate, a copolymer of two or more monomers selected from (meth)acrylic acids and derivatives thereof or 

polycyclic esters such as polycapro lactone. 

[1332] More specifically, preferable examples of the olefin block copolymers (A-1 ) may include: 

35 a block copolymer wherein the PO^ segment is polypropylene (Mw: 2,000 to 1 ,000,000). the g"* linkage is an ether 

linkage and the B^ segment is poly(2-hydroxyethylmethacrylate) (Mw: 500 to 1 .000,000), 

a block copolymer wherein the PO^ segment is polypropylene(Mw: 2,000 to 1 ,000,000), the g^ linkage is an ether 
linkage and the B^ segment is polyethylene glycol (Mw: 500 to 1 ,000,000), 

a block copolymer wherein the PO^ segment is an ethylene/butene copolymer(butene content: 0.1 to 30 mol%, 
40 Mw: 2.000 to 1,000,000), the linkage is an ether linkage and the B^ segment is polycapro lactone (Mw: 500 to 

1,000,000), 

a block copolymer wherein the PO^ is an ethylene/octene copolymer (octene content: 0.1 to 30 mol%. Mw: 2,000 
to 1 ,000,000), the linkage is an ether linkage and the B** segment is polycaprolactone (Mw: 500 to 1 ,000,000), 
a block copolymer wherein the PO'" segment is an ethylene/octene copolymer (octene content: 0.1 to 30 mol%, 
^ Mw: 2.000 to 1,000.000), the g^ linkage is an ether linkage and the B^ segment is polymethyl methacrylate (Mw: 

500 to 1 .000,000), 

a block copolymer wherein the PO^ segment is an ethylene/octene copolymer(octene content: 0«1 to 30 mol%, 
Mw: 2.000 to 1.000,000), the g^ linkage is an ether linkage and the B^ segment is polycaprolactone (Mw: 500 to 
1,000.000), and 

so a block copolymer wherein the PO^ segment is an ethylene/octene copolymer (octene content: 0.1 to 30 mol%, 

Mw: 2,000 to 1,000.000), the g^ linkage is an ether linkage and the B^ segment is a styrene/maiek: anhydride 
copolymer (Mw: 500 to 1 ,000,000). 

[1333] When the olefin block copolymer (A-l) or that contained in the olefin polymer composition (D) is used in the 
55 oily resin dispersion, the resulting dispersion has excellent dispersibility to an organic medium and when it is used as 
a primer for propylene coating, it has excellent adhesion with coatings, as compared with using modified polyolefins 
prepared by modifying known polyolefins with a polar monomer. 

[1334] The oily resin dispersion of the invention comprises the olefin block copolymer (A-1) or the olefin polymer 
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composition (D) in a solid state dispersed in an organic medium. 

[1 335] The organic medium is a good solvent to polyolef ins and examples thereof may include aromatic hydrocarbons 
such as benzene, toluene or xylene; aliphatic hydrocarbons such as hexane, heptane, octane or decane; alycyclic 
hydrocarbons such as cyclohexane. cyclohexene or methylcyclohexane; aliphatic alcohol such as ethanol or isopro- 
s panol; ketone solvents such as acetone, methyl isobutyl ketone or methyl ethyl ketone; halogenated hydrocarbons 
such as Irichloroethylene, dichloroethylene or chlorobenzene. 

[1336] Further, the organic medium is a poor solvent to polyolefins. and may include, (or example, alcohols, ketones, 
ethers, esters or cellosolves. 

[1337] Specif k: examples thereof may include methanol, ethanol, propanol, butanol, pentanol, hexanol, propanediol, 
10 phenol, diethyl ether, dipropyl ether, dibutyl ether, anisole, dioxane, tetrahydrofurane, acetone, methyl ethyl ketone, 
methylisobutyl ketone, pentanone, hexanone, isophorone, acetophenone, acetic anhydride, acetic methyl, acetic ethyl, 
acetic butyl, methyl propionate, butyl formate, ethyl cellosolve and methyl ceilosolve. 

[1336] These may be used singly or In combination with two or more, particularly the combined use of the good 
solvent and poor solvent is preferred from the standpoint of low temperature fluidity and dispersion stability in the oily 
15 resin dispersion. The proportion of the good solvent and the poor solvent is not limited particularly. 

[1339] The oily resin dispersion of the invention may be optionally blended with known pigments, fillers, stabilizers 
and other compounding agents within the limit of not missing t^e object of the Invention. 

(Preparation of Oily resin dispersion) 

20 

[1340] For preparing the oily resin dispersion of the invention, for example, the olefin block copolymer (A-1 ) or the 
olefin polymer composition (D) is mixed with the above organic medium and dissolved with heat completely. The tem- 
perature in the dissolution is usually from 100''C to ISO^'C. 

[1341] Then, the resulting solution is cooled to deposit the olefin block copolymer (A-1 ) or the olefin polymer com- 
25 position (D). For this deposition, the composition of the organic medium is set previously so that they are deposited at 
a temperature of 60 to 1 0O^C, and it is preferred to regulate the average cooling rate to from 1 to 20''C/hour, preferably 
2 to IC'C/hour. 

[1 342] Further, the olefin block copolymer (A-1 ) or the olefin polymer composition (D) may be dissolved in the organic 
medium comprising only the good solvent, and after the deposition, the poor solvent may be added thereto to further 
30 deposit them. 

[1343] The dispersed particles contained in the oily resin dispersion of the invention thus prepared are generally 

spherical, but they are not always necessary to be spherical. 

[1344] The dispersed particles have an average particle diameter, which is not particularly limited, of usually 1 to 20 
jam, preferably 5 to 15 nm. The particle concentration of the resin dispersion (solid component concentration), which 
35 is not particularly limited, is usually from 5 to 40 wt%. 

(Use) 

[1345] The oily resin dispersions of the invention have excellent bond performance as adhesives or heat-sealing 
40 agents suitable for metals to metals, polyolefins to polyolefins, or metals and polyolefins so that they are effectively 
used to adhesives for PTP packaging of medicine, adhesives for lamination, and raw materials and primers for coatings. 
[1346] The oily resin dispersion of the invention have excellent dispersion stability to the organic mediums and ex- 
cellent adhesion in bonding between polyolefins and metals or polar resins. 

^5 Examples 

[1 347] The present invention is described In detail with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

50 Example 1 

[Preparation of catalyst solution] 

[1348] 10.0 mg of bis(1,3-dimethylcyclopentadienyl) zirconium dichtoride was weighed and placed in a glass flask 
55 purged thoroughly with nitrogen, and a toluene solution of 1 7.2 mmol In terms of aluminum atom of methylaluminoxane 
was added thereto. The solution was sonicated at 23''C for 15 min. An appropriate amount of toluene was added to 
the solution, and a total amount of 50 ml of the solution was obtained. This solution was used as a catalyst solution. 
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[Copoiymerization of ethylene/norfoornene] 

[1349] In a nitrogen atmosphere at room tennperature, 600 ml of a cyclohexane solution containing 20 g of norbornene 
was placed in a 1 -liter stainless steel autoclave purged thoroughly with nitrogen. 0.6 mmol of triisobutylaluminum was 

5 added to the autoclave, and nitrogen In the autoclave was replaced with ethylene. The Inside of the autoclave was 
pressurized with ethylene, and then the temperature in the autoclave was raised so that the temperature and the 
pressure in the autoclave were 70*C and 0.7 MPa, respectively. 12.6 ml of the prepared catalyst solution was forced 
into the autoclave with pressurized nitrogen to initiate the polymerization. Thereafter, with supplying only ethylene, the 
polymerization was conducted at a pressure of 0.7 MPa and a temperature of 70''C for 5 min. After 5 min from the 

10 initiation of the polymerization, 5 ml of isopropanol (IPA) was forced into the autoclave with pressurized nitrogen to 
terminate the polymerization. 

[1350] After decompression, the polymer solution was taken out. With vigorously agitating by a homomixer, the pol- 
ymer solution was brought into contact with an aqueous solution prepared by adding 5 ml of concentrated hydrochloric 
acid based on 1 liter of water at a ratio of 1 to 1 . and the catalyst residue was passed into the water phase. The 

15 contacted mixed solution was allowed to stand still, and then the water phase was removed with separation. The 
polymer solution was washed twice with water to purify the same, and the phase of the polymer solution was separated. 
[1351] The purified and separated polymer solution was allowed to contact with acetone, which was three times as 
much as the polymer solution, with vigorously agitating. After the precipitation of the copolymer the solid product 
(copolymer) was collected by filtration and was thoroughly washed with acetone. To extract unreacted norbomene 

20 remaining in the polymer, the solid product was put in acetone so as to be a concentration of 40 g/liter, and the extraction 
was conducted at eo^'C for 2 hr. After the extraction, the solid product was collected by filtration and was dried under 
reduced pressure in flowing nitrogen at 130*0 and 350 mmHg for 12 hr. 

[1352] The yield of the obtained ethylene/norbornene copolymer (referred to as P(Et/NBR)) was 25.7 g. Thus, the 
catalytic activity was 41 .8 kg/mmol-Zr-hr. As a result of IR analysis, the norbomene content was 8.5 moi%, and it was 
55 confimfied that there was an unsaturated bond in the terminal position of the polymer molecule. According to the meas- 
urement by gel pemieation chromatography (GPC), the weight-average molecular weight (referred to as Mw) was 
140,000. 

[Hydroboration] 

30 

[1353] In a dry box filled with argon, 20 g of the ethylene/norbornene copolymer, which had an unsaturated bond in 

the temriinal position, was suspended in 100 ml of degassed and dried tetrahydrofuran (THF), and the suspension was 
placed in a glass flask with a magnetic stirrer. 2.3 ml of a THF solution of 9-borabicyclo [3.3.1)nonane (referred to as 
9-B6N) (0.5 M) was added to the suspension. In the dry box, the slurry was stirred at 55**C for 5 hr and then was 
35 fill. ed. The filter cake was washed with degassed and dried IPA and was dried under reduced pressure, and an 
elrrylene/norbornene copolymer having boron in the temiinal position (referred to as P(Et/NBR)-B) was obtained. 

[Polymerization of styrene] 

40 [1354] 20 g of the copolymer of P(Et/NBR)-B was placed in a sealed flask and was suspended by the addition of 
11 A g of dried styrene (referred to as St) and 80 ml of THF. 1.5 ml of dried oxygen was blown through to initiate the 
reaction, followed by stirring at room temperature for 135 hr. 100 ml of methanol was added to terminate the reaction. 
The precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere 
over a period of 24 hr to obtain an insoluble diblock copolymer of (ethylene/norbornene copolymer)-0-polystyrene 

45 (referred to as P(Et/NBR)-0-PSt). 

[1355] The weight-average molecular weight (Mwg) of the polystyrene (referred to as PSt) moiety, which was esti- 
mated according to the following equation, was 50.000. 

^ Mw2 = Mwi (Wa-Wi )/W^ 

wherein: 

Mw, is a weight-average molecular weight of the P{Et/NBR) moiety, 
55 Mw2 is a weight-average molecular weight of the PSt moiety, 

is an amount of the copolymer of P(Et/NBR)-B used In the polymerization of styrene, and 
Wj is an yield of the diblock copolymer. 
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[1356] The prepared diblock copolymer had a melt flow rate (MFR, measured at 230*'C) of 0.5 g/10 min and a mo- 
lecular distribution (Mw/Mn) of 2.2. 

Example 2 

5 

[Copolymerization of ethylene/propylene/lriene] 

[1357] In a nitrogen atmosphere at room temperature, 651 ml of purified heptane, 24 ml of 4,8-dimethyl-1 .4,8-dec- 
atriene (referred to as DMDT), a heptane solution of 0.75 mmol In temns of aluminum atom of triisobutylalumlnum and 

10 a toluene solution of 0.021 mmol in temis of boron atom of triphenylcarbeniumtetrakis (pentafluorophenyl)borate were 
placed in a 2-llter stainless steel autoclave purged thoroughly with nitrogen. After the addition of 9 liters of propylene, 
the temperature in the autoclave was raised. When the temperature went up to GO^'C, the inside of the autoclave was 
pressurized to 0.9 MPa by supplying ethylene. When the temperature and the pressure in the autoclave went up to 
70**C and 0,9 MPa, respectively, a toluene solution of 0.00105 mmol in terms of titanium atom of [(N-t-butylamido) 

15 (tetramethyl-iiS-cyclopentadienyl) dimethylsilanejtitanium dichloride was forced into the autoclave with pressurized 
nitrogen to initiate the polymerization. The polymerization was conducted for 30 min with maintaining at a pressure of 
0.9 MPa and a temperature of 70*C. After 30 min from the initiation of the polymerization. 50 ml of methanol was added 
to terminate the polymerization. After cooling and decompression, the polymer solution was taken out. The polymer 
solution was poured into about 3 liters of methanol to precipitate the polymer. The polymer was cut by a mixer and 

20 then was washed with about 2 liters of methanol by a mixer. The polymer was dried under reduced pressure in flowing 
nitrogen at 100*C and 400 mmHg for 12 hr. 

[1358] The yield of the obtained ethylene/propylene/triene copolymer (referred to as EPT) was 31.6 g. Thus, the 
catalytic activity was 60.2 kg/mmol-Ti-hr. As a result of IR analysis, the contents of ethylene, propylene and DMDT 
were 69 mol%, 28 mol% and 3 mol%, respectively. According to the measurement by GPC, Mw was 180,200. 

25 

[Hydroboration] 

[1359] In a dry box filled with argon, 20 g of the copolymer of EPT was suspended in 100 ml of degassed and dried 
THF, and the suspension was placed in a glass flask with a magnetic stirrer. 1.8 ml of a THF solution of 9-BBN (0.5 
30 M) was added to the suspension. In the dry box. the slurry was stirred at BS^'C for 5 hr and then was filtered. The filter 
cake was washed with degassed and dried IPA and was dried under reduced pressure, and a copolymer of EPT having 
boron in the terminal position (refen^ed to as EPT-B) was obtained. 

[Copolymerization of styrene/vinylpyridine] 

35 

[1360] 20 g of the copolymer of EPT*B was placed in a sealed flask and was suspended by the addition of 8.9 g of 
dried styrene (St), 0.9 g of dried vinylpyridine (referred to as VPy) and 80 ml of THF. 1 .1 ml of dried oxygen was blown 
through to Initiate the reaction, followed by stirring at room temperature for 30 hr. 100 ml of methanol was added to 
terminate the reaction. The precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor in 
40 a nitrogen atmosphere over a period of 24 hr to obtain an insoluble diblock copolymer of EPT-0-(styreneA^inylpyridine 
copolymer) (referred to as EPT-0-P(StA/Py)). 

(1 361 ] The weight-average molecular weight (Mwg) of the styrene/vinylpyridine copolymer (referred to as P(StA/Py)) 
moiety, which was estimated according to the following equation, was 10,000. 

MW2 = Mw^.(W2-W^)/W^ 

wherein: 

so Mw^ is a weight-average molecular weight of the EPT moiety. 

Mwg is a weight-average molecular weight of the P(StA/Py) moiety, 

W^ is an amount of the copolymer of EPT-B used in the copolymerization of styrene/vinylpyridine, and 
W2 is an yield of the diblock copolymer. 

55 
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Example 3 

[Polymerization of olefin) 

5 [1362] 1 liter of purified 4-methyl-1-pentene (referred to as4MP-1) was placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. A toluene solution of 5.0 
mmol-AI in terms of aluminum atom of methylaluminoxane was added. The temperature in the autoclave was raised 
to 40**C, and 5.0x1 0""^ mmol-Zr in terms of zirconium atom of biscyclopentadienylzirconium dichloride was added. 
Ethylene was fed to initiate the polymerization at a pressure of 0.8 MPa. Thereafter, with supplying only ethylene, the 

10 polymerization was conducted at a pressure ol 0.8 MPa and a temperature of 45*C for 1 hr. 

[1363] After completion of the polymerization, a small amount of methanol was added to the obtained slurry, and 
then the total amount of the slurry was poured into 4 liters of methanol. The precipitated polymer was filtered off and 
was dried at 80'*C overnight. The yield of the obtained polymer was 54 g. The catalytic activity based on zirconium 
atom was 108 kg/mmol-Zr. The obtained polymer had MFR of 1.73 g/10 min and Mw of 76.000. As a result of IR 

15 analysis, the content of 4MP-1 was 8 mol%. and it was confirmed that there was an unsaturated bond in the temiinal 
position of the polymer molecule. 

[Hydroboration] 

20 [1364] In a dry box filled with argon, 8.5 g of the ethylenQ/4MP-1 copolymer, which had an unsaturated bond in the 
temiinal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stirrer. 1 .8 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, 
the slurry was stirred at 55''C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA 
and was dried under reduced pressure, and an ethylene/4MP-1 copolymer having boron in the tenninal position (re- 

25 ferred to as P(Et/4fWIP-1 )-B) was obtained. 

[Polymerization of methylmethacrylate] 

[1365] 8.5 g of the copolymer of P(Et/4MP-1)-B was placed in a sealed flask and was suspended by the addition of 
30 8.4 g of dried methylmethacrylate (refen-ed to as MMA) and 80 ml of THF. 1.1 ml of dried oxygen was blown through 
to initiate the reaction, followed by stirring at room temperature for 4 hr. 100 ml of methanol was added to terminate 
the reaction. The precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen 
atmosphere over a period of 24 hr to obtain an Insoluble diblock copolymer of (ethylene/4MP-1 copolymer)-0 -polymeth- 
ylmethacrylate (referred to as P(El/4MP-1 )-0-PMMA). 
35 [1366] The weight-average molecular weight (Mwg) of the polymethylmethacrylate (referred to as PMMA) moiety, 
which was estimated according to the following equation, was 11 ,000. 

Mw2 = Mw,-(W2-W,)/Wi 

40 

wherein: 

Mw^ is a weight-average molecular weight of the P(Et/4MP-1 ) moiety, 
Mw2 is a weight-average molecular weight of the PMMA moiety, 
45 Wi is an amount of the copolymer of P(Et/4MP-1)-B used in the polymerization of MMA. and 

W2 is an yield of the diblock copolymer. 

Example 4 

50 [1367] The diblock copolymer (P(Et/NBR)-0-PSt) obtained in Example 1 was molded by press molding or tube ex- 
trusion into specimens at 200''C. The various properties were measured by the use of the specimens as follows. The 
results are shown in Table 1 . 

Hardness (J IS A) 

55 

[1368] The hardness (JIS A) was measured in accordance with JIS K7215. 
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Tensile strength 

[1369] The tensile strength was measured at a span of 20 mm, a tensile speed of 500 mm/min and a temperature 
of 23''C by the use of JIS No.3 dumbbell shape in accordance with JIS K6251 . 

s 

Adhesion testing 

[1370] Adhesion testing was conducted in accordance with JIS K6256. 

10 Themnomechanical analysis (TMA, penetration temperature: heat resistance) 

[1371] The penetration temperature was measured by the use of a penetrator of 1.8 mm in diameter under the 
conditions of a load of 2 kg/cm^ and a temperature rise rate of 5®C/min. 

^5 Surface hardness (Shore hardness A) 

[1372] The Shore hardness A was measured in accordance with ASTM D676. 

Mar resistance (Martens hardness) 

20 

[1373] The press molded specimen was marred by a diamond indenter with a load of 20 g. The scratch width was 
measured, and the Martens hardness was determined by a reciprocal of the scratch width. 

Repeated impulse 

25 

[1374] An inner conductor layer comprising a single-wire of 1 mm in diameter was sheathed with an insulating layer 
(1 .5 mm thick) of the testing copolymer. With respect to the cable, lightening impulse test (impressed a voltage of 100 
kV at a 5 min interval) was conducted. 

30 Dielectric breakdown voltage 

[1375] The breakdown voltage was measured by the use of the pressed sheet 1 mm thick at 25*C in accordance 
with ASTM D149. 

35 Comparative Example 1 

[1376] The various properties were measured in the same manner as in Example 4, except that an ethylene/butene 
copolymer (ethylene content: 88 mol%; density: 885 kg/m^; Mw: 155,000; and Mw/f^n: 1.87) was used. The results 
are shown in Table 1 . 

40 

Table 1 





Example 4 


Comp. Ex. 1 


Sample 


P(Et/NBR)-0-PSt diblock copolymer 


ethylene/butene copolymer 


TMA (*»C) 


110 


80 


Shore hardness 


73 


88 


Martens hardness (1/mm) 


19 


9 


Repeated impulse (ratio of the breakdown 

frequency) 


9 


3 


Dielectric breakdown voltage (kV/mm) 


62 


58 



[1377] The sample in Example 4 was excellent in heat resistance, flexibility, mar resistance, repeated impulse and 
^ dielectric breakdown voltage. 
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Example 5 

[1378] 30 parts by weight of the diblock copolymer (EPT-0-P(StA/Py)) prepared in Example 2, 70 parts by weight 
of a styrene/butadiene random copolymer (trade name: Nipol 1502, available from Zeon Corp.), 3 parts by weight of 

5 two kinds of zinc oxides, 1 part by weight by stearic acid, 50 parts by weight of HAF carbon black (trade name: SEAST 
#3, available from Tokai Carbon Co., LTD.). 15 parts by weight of N-cyclohexyl-2-benzolhlazyl sulfonamide (trade 
name: Sanceler CM, available from Sanshin Chemical Industry) and 1 .75 parts by weight of sulfur were kneaded by 
an open roll having a roll diameter of 6 inches (F/B = 50'*C/50**C) to obtain an unvulcanized rubber sheet. The sheet 
was vulcanized by press curing at 160**C for 20 min. 

10 [1379] The hardness (JIS A) of the composition was 72. The tensile strength and elongation at break of the compo- 
sition were 23.1 MPa and 390%, respectively. 

[1380] The adhesive (trade name: Chemtok607, available from Load Corp.) was applied to a surface of a sheet, 0.5 
mm thick and 25 mm wide, comprising nylon 12 (trade name: OAIAMIO L2101, available from Daicel Chemical Indus- 
tries, Ltd.). The adhesive was dried at ordinary temperature and was bonded to the unvulcanized rubber sheet as 
15 described above by press curing at 1 BO^'C for 20 min. The adhesive properties of the adhesive-bonded specimen were 
evaluated with the result of breakage of the base material of the rubber 

Example 6 

20 [1381] A press molded piece 3 mm or 1 mm thick was prepared by the use of the diblock copolymer (P(Et/4MP-1) 
-O-PMMA) obtained in Example 3. The Martens hardness was measured by the use of the piece 3 mm thick, and 
tensile test was conducted by the use of the piece 1 mm thick. 

[1382] The Martens hardness was 13.5/mm, the Young's modulus determined by the tensile test was 1 70 MPa, and 
the tensile elongation at break was 950%. 

25 [1383] To evaluate the coating properties, a pressed sheet 2 mm thick was used. The surface of the sheet was 
washed with a dishwashing detergent (available from Kao Corp. , trade name: Mama-Lemon). After washing with water 
and drying at SO^'C for 10 min, a primer (available from Nippon Bee Chemical Co., Ltd., trade name: RB150) was 
applied In a thickness of 1 0 |im on the sheet and was dried at 80°C for 1 0 min. Thereafter, two*pack urethane metallic 
(available from Nippon Bee Chemical Co., Ltd., trade name: R212) was applied In a thickness of about 20 [im, and 

30 two-pack urethane clear (available from Nippon Bee Chemical Co., Ltd., trade name: Fi213) was further applied in a 
thickness of about 50 um. The sheet was dried at SO^'C for 45 min. 

[1384] The surface of the coated sheet was crosshatched by drawing 11 parallel lines at 2 mm intervals and 11 
parallel lines perpendicular thereto at 2 mm intervals by using a single-edge razor to make 100 squares. A cellophane 
adhesive tape (JIS Z1522) was adhered to the crosshatched film with sufficient pressure and was rapidly stripped off 
35 upward. As a result of observation of the squares, there was no peeling spot on the surface. 

Example 7 

[Polymerization of olefin] 

40 

[1385] 500 ml of purified toluene was placed In a 1 -liter glass reactor purged thoroughly with nitrogen, and ethylene 
and propylene were passed through at rates of 70 liters per hour and 215 liters per hour, respectively. With stirring at 
600 revolutions per minute, a solution In the reactor was maintained at 40"C for 1 0 min. 2.5 mmol in terms of aluminum 
atom of methylaluminoxane and 0.08 mmol in terms of zirconium atom of biscyclopentadienylzirconium dichloride were 

^ added. The polymerization was conducted at 40'*C and ordinary pressure for 1 hr, and a small amount of methanol 
was added to temiinate the polymerization. After completion of the polymerization, the reaction solution was poured 
Into 500 ml of a methanol solution of dilute hydrochloric acid, and was stirred. The solvent was removed by an evap- 
orator. The polymer was washed twice with methanol and then the obtained polymer was dried under reduced pressure 
at 130*C overnight. The yield of the obtained ethylene/propylene copolymer (referred to as EPR) was 24.5 g. The 

50 catalytic activity was 31 0 g/mmol-Zrh. As a result of IR analysis, the ethylene content was 68 mol%, and it was con- 
flmned that there was an unsaturated bond in the terminal position of the polymer molecule. Mw was 1 ,500. 

[Hydroboratlon] 

55 [1386] In a dry box filled with argon. 2 g of the copolymer of EPR. which had an unsaturated bond In the tenmlnal 
position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stinger 24 ml of a THF solution of 9-borabicyclo[3.3.1]nonane (9-BBN) (0.5M) was added to the suspension. 
In the dry box, the slurry was stirred at 55''C for 5 hr and then was filtered. The filter cake was washed with degassed 
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and dried I PA and was dried under reduced pressure, and an ethylene/propylene copotymer having boron in the terminal 
position (referred to as EPR-B) was obtained. 

[Polymerization of meihylmethacrylate] 

5 

[1387] 0.23 g of the copolymer of EPR-B was placed in a sealed flask and was suspended by the addition of 1 1 .5 g 
of dried meihylmethacrylate (MMA) and 80 ml of THF. 1 .6 ml of dried oxygen was blown through to initiate the reaction, 
followed by stirring at room temperature for 8 hr. 100 ml of methanol was added to temiinate the reaction. The precip- 
itated polymer was extracted with acetone by the Soxhelt extractor in a nitrogen atmosphere over a period of 24 hrto 
10 obtain an insoluble diblock copolymer of (ethylene/propylene copolymer}-0-polymethylmethacrylate (referred to as 
EPR-O-PMMA). 

[1388] The weight-average molecular weight (Mwg) of the polymethylmethacrylate (PMMA) moiety, which was esti- 
mated according to the following equation, was 20,000. 

MWg = Mw^ -(Wg-W^ )/W^ 

wherein: 

20 Mw^ is a weight-average molecular weight of the EPR moiety, 

Mwg is a weight-average molecular weight of the PMMA moiety, 
Wi is an amount of the copolymer of EPR-B used in the polymerization of MMA, and 
W2 is an yield of the diblock copolymer. 

25 Example 8 

[Preparation of catalyst solution] 

[1389] 0.23 mmol in tenns of zirconium atom of bis(pentamethyl-T|^-cyclopentadienyl)dimethylzirconium was 
30 weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 0.92 mmol in temns of 
boron atom of tris(pentafluorophenyl)borane was added thereto. An appropriate amount of toluene was added to the 
solution, and a total amount of 50 ml of the solution was obtained. A catalyst solution having a zirconium concentration 
of 0.0046 mmol/ml was prepared. 

35 [Polymerization of olefin] 

[1390] 225 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
was passed through at a rate of 200 liters per hour. With stirring at 600 revolutions per minute, a solution in the reactor 
was maintained at 45^C for 10 min. Then, 7.5 mmol in tenns of aluminum atom of triisobutylaluminum was added. 

40 Further, 6.6 mmol of 9-BBN was added, and then 0.075 mmol in terms of zirconium atom of the preactivated catalyst 
solution was added. The polymerization was conducted at 50°C and ordinary pressure for 5 min, and a small amount 
of absolute methanol was added to terminate the polymerization. After completion of the polymerization, the solvent 
was removed by an evaporator, and then the polymer was washed with THF. The obtained polymer was dried under 
reduced pressure at SC'C overnight. Theyield of the obtained polyethylene (referred to as PE) was 0.61 g. The catalytic 

45 activity was 98 g/mmol-Zr-h. 

[Confirmation of molecular weight and terminal position of the polymer] 

[1391] 0.5 g of the obtained polymer of PE was added to 25 mt of absolute THF. In a nitrogen atmosphere at room 
so temperature, 3 g of NaOH dissolved In 15 ml of water and 3.75 mi of methanol were added thereto. Then, 12 ml of 
30% H2O2 was added dropwise at 0°C. The reaction was conducted at 40**C for 6 hr, and then the reaction solution 
was poured into 2 liters of a methanol solution to precipitate a polymer. The obtained polymer was refluxed with 50 ml 
of methanol for 2 hr and then was dried under reduced pressure at 50**C for 8 hr. Mw determined by GPC analysis 
was 1 ,800. As a result of IR analysis, it was confimned that a terminal position of the polymer molecule was modified 
S5 by a hydroxyl group so that there was no unsaturated bond in the temilnal position. Thus, it was confirmed that the 
terminal position of the polymer obtained in the section of (polymerization of olefin] was modified by boron. 
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[Polymerization of ethylene oxide] 

[1392] 18 g of the above polymer having boron in the terminal position (referred to as PE-B), and 62 mg of tetrakis 
(tris(dimethy(amino)phosphoranylideneamino] phosphonium hydroxide {[(Me2N)3P=Nl4P-^OH } which was synthesized 

5 in the same manner as described on page 32 In European Patent Publteation No. 0791600 were placed in a 1500 ml 
autoclave equipped with a tube for a thermometer, a pressure gage, a stirrer and a inlet tube for ethylene oxide. Air in 
the autoclave was replaced with dried nitrogen, and the contents of the reactor were heated to a temperature of 125'*C. 
The reaction was conducted at the same temperature for 12 hr with Intenmittently supplying 9.1 g of ethylene oxide in 
order to maintain the pressure (absolute pressure) at about 0.5 MPa during the reaction. Residual unreacted ethylene 

10 oxide was distilled out under reduced pressure, and 23 g of a diblock polymer of potyethylene-0-(polyethylene glycol) 
(referred to as PE-O-PEG) was obtained. 

[1393] The weight-average molecular weight (MWj) of the polyethylene glycol (refen^ed to as PEG) moiety, which 
was estimated according to the following equation, was 500. 

MWg = Mw^ .(W2-W^ )/W^ 

wherein: 

20 Mw^ is a weight-average molecular weight of the PE moiety, 

Mwg is a weight-average molecular weight of the PEG moiety, 

W., is an amount of the polymer of PE-B used in the polymerization of ethylene oxide, and 
W2 is an yield of the diblock copolymer. 

25 Example 9 

[1394] 0.1 part by weight of Irganox^**^ 1076 (trade name, available from Ciba Specially Chemicals K.K.) and 0.05 
part by weight of calcium stearate were added to 94.1 parts by weight of a commercial polymethylmethacrylate resin 
(trade name: ACRYPET MD, available from Mitsubishi Rayon Co., Ltd.), 4.9 parts by weight of an ethylene/propylene 

30 copolymer (ethylene content: 80 mol%; and melt flow index measured at 1 WO: 7.5 g/1 0 min) and 1 part by weight of 
the diblock copolymer (EPR-O-PMMA) obtained in Example 7. in a nitrogen atmosphere, the resins were melt blended 
by a twin-screw extnjder having a screw diameter of 20 mm at a cylinder temperature of igo^'C, and pellets were 
prepared to evaluate the various properties. The obtained pellets were injection molded Into specimens for the evalu- 
ations of the various properties under the conditions of a cylinder temperature of 190*0, a mold temperature of 30*0 

35 and an injection pressure of 1000 kg/cm^. With respect to the obtained specimens, the various properties were meas- 
ured as follows. The results are shown in Table 2. 

Flexural modulus (Fl\^) 

^ [1395] The flexural modulus was measured at 23''C by the use of the specimen 5 inches long, a half-inch wide and 
an eighth inch thick, which was obtained by injection molding, in accordance with ASTM D638. 

Izod impact strength (IZ) 

^ [1 396] The Izod impact strength was measured at 23''C by the use of the specimen (post-notch) a quarter inch thick, 
which was obtained by injection molding, in accordance with ASTM 0258. 

Transparency (HAZE) 

so [1397] The haze was measured by the use of the colored plate 1 mm thick, which was obtained by Injection molding, 
in accordance with JIS K6714. 

Comparative Example 2 

55 [1398] In the same manner as in Example 9, pellets were prepared, and the various properties were measured, 
except that 95 parts by weight of a polymethylmethacrylate resin and 5.0 parts by weight of the ethylene/propylene 
copolymer were blended and that the diblock copolymer (EPR-O-PMMA) was not blended. The results are shown in 
Table 2. 
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Table 2 





Example 9 


Comp. Ex. 2 


FM (MPa) 


2280 


2300 


IZ (J/m) 


48 


30 


HAZE (%) 


10 


79 



io Example 1 0 

[1399] 2.5 parts by weight of the diblock copolymer (PE-P-PEG) obtained in Example 8 was added to 97.5 parts by 
weight of linear low-density polyethylene (melt flow index measured at 190**C: 4 g/10 min; density: 0.920 g/cm^; and 
1-hexene copolymer), and the mixture was dried thoroughly. Further. 0.1 part by weight of Irganox^^l 076, 0.1 part by 

15 weight of lrgaphos^168 (trade name, available from Ciba Specialty Chemicals K.K.) and 0.1 part by weight of calcium 
stearate were added to the mixture. In a nitrogen atmosphere, the resins were melt blended by a twin-screw extruder 
having a screw diameter of 20 mm at a cylinder temperature of 180*C, and pellets were prepared. 
[1400] A film 30 jim thick was prepared by blown-film extrusion of the obtained pellets by a single-screw extruder 
having a screw diameter of 20 mm, which had the gap of 0.7 mm between die lips of 25 mm in diameter and a single- 

20 slit air ring, under the conditions of an air flow rate of 90 liters/min, an extruder output of 9 g/min, a blow-up ratio of 
1 .8, a take-off speed of 2.4 nn/min and a processing temperature of 200*'C. The antifogging properties and the trans- 
parency were evaluated as follows. The evaluated results are shown in Table 3. 

Antifogging properties and stability, and transparency 

25 

[1401] The top of a 200 ml beaker containing 50 ml of wann water of 70''C was capped with the film. The beaker 
with the film was placed In a refrigerator of 5'>C for 1 hr to evaluate the antifogging properties according to the following 
scales. On the other hand, the film was immersed in recycled warm water of 50*^0 for 100 hr and then was dried at 
least once. The top of a 200 ml beaker containing 50 ml of warm water of 70^*0 was capped with the film. The beaker 
30 with the film was placed in a refrigerator of 5*^0 for 1 hr to evaluate the antifogging stability according to the following 
scales. * 

[1402] AA: The film is not fogged, and it is possible to observe the inside of the beaker clearly through the film. 
[1403] BB: The film is fogged, and it is impossible to observe the inside of the beaker clearly through the film. 
[1404] Further, before and after the antifogging stability test, under the dried conditions, the transparency (haze) of 
35 the film was evaluated by a haze measuring equipment manufactured by Nippon Denshoku Industries Co., Ltd. 

Comparative Example 3 

[1405] The pelletization, the blown-film extrusion and the evaluation of the properties were conducted in the same 
40 manner as in Example 10. except that 2.5 parts by weight of a commercial antifogging agent (mixture of mono-, di-, 
and tri-stearic acid glyceryl esters) was added to 97.5 parts by weight of linear low-density polyethylene and that 0.1 
part by weight of IrganoxTM 1076, 0.1 part by weight of Irgaphos^*^ 168 andO.1 part by weight of calcium stearate were 
further added. The results are shown in Table 3. 



Table 3 





Example 10 


Comp. Ex. 3 


Antifogging properties 


AA 


AA 


Antifogging stability 


AA 


88 


Initial transparency 


6 


7 


Transparency after testing 


15 


31 



Example 1 1 

55 

[Preparation of catalyst solution] 

[1406] Methylalumlnoxane and diphenylsllylenebls(2,7-dfmethyl-4-lsopropyllndenyl)zlrconlum dichloride were mixed 
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in toluene (an appropriate amount of toluene may be optionally added ) so that the concentration of zirconium was 
0.00011 mmol/liter and the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stirring for 
15 min to prepare a catalyst solution. 

5 [Polymerization of propylene] 

[1 407] 400 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stirring at 600 revolutions per minute, a solution in the reactor 
was maintained at 45''C for 10 min. Subsequently 19.4 mg in terms of aluminum atom of triisobutylaluminum was 

10 added. Further, 0.36 mg in terms of zirconium atom of the preactivated catalyst solution was added, and the temperature 
in the reactor was raised to 50**C. The polymerization was conducted at 50^*0 and ordinary pressure for 20 min. A 
small amount of isopropanol was added to terminate the polymerization. After completion of the polymerization, the 
reaction solution was poured into 2 liters of a methanol solution of dilute hydrochloric acid to precipitate a polymer. The 
polymer was washed twice with methanol, and then the obtained polymer was dried under reduced pressure at 80**C 

15 overnight. 

[1408] The yield of the obtained polypropylene (referred to as PR) was 21.8 g. The catalytic activity was 16.4 kg/ 
mmol-Zr h. The melting point (Tm) measured by a differential scanning calorimeter (DSC) was ^49.^'*C. Mw measured 
by GPC was 106,000. As a result of IR analysis, it was confinmed that there was an unsaturated bond in the temninal 
position of the polymer molecule. 

20 

[Hydroboration] 

[1409] In a dry box filled with argon, 20 g of the above polypropylene, which had an unsaturated bond in the terminal 
position, was suspended in 100 ml of degassed and dried TI-IF, and the suspension was placed in a glass flask with a 
25 magnetic stin-er. 3.0 ml of a THF solution of 9-borabicyclo[3.3.1]nonane (9-BBN) (0.5 M) was added to the suspension. 
In the dry box, the slurry was stirred at 55*^0 for 5 hr and then was filtered. The filter cake was washed with degassed 
and dried isopropanol (I PA) and was dried under reduced pressure, and polypropylene having boron in the terminal 
position (referred to as PP-B) was obtained. 

50 (Copolymerization of styrene/maleic anhydride] 

[1410] 20 g of the polymer of PP-B was placed In a sealed flask and was suspended by the addition of 1 0 g of dried 
styrene (St), 1 0 g of maleic anhydride (referred to as MAH) and 80 ml of THF. 1 .9 ml of dried oxygen was blown through 
to Initiate the reaction, followed by stirring al45''C for 25 min. 100 ml of methanol was added to lenminale the reaction. 
35 The precipitated polymer was extracted with acetone and heptane by the Soxheit extractor in a nitrogen atmosphere 
over a period of 24 hr to obtain an insoluble diblock copolymer of polypropylene-0-(styrene/maleic anhydride copoly- 
mer) (referred to as PP-0-P(St/MAH)). 

[1411] With respect to the copolymer, the weight-average molecular weight (Mwa) of the styrene/maleic anhydride 
copolymer (referred to as P(St/MAH)) moiety, which was estimated according to the following equation, was 400. 

40 

Mw2 = Mwi.(W2-Wi)/W^ 

wherein: 

45 

Mw^ is a weight-average molecular weight of the PP moiety, 

Mw2 is a weight-average molecular weight of the P(St/MAH) moiety, 

Wi is an amount of the polymer of PP-B used in the copolymerization of styrene/maleic anhydride, and 
W2 is an yield of the diblock copolymer. 

so 

Example 12 

[Preparation of solid catalyst component] 

55 [1412] 3.0 g of silica dried at 250''C for 1 0 hr was suspended in 50 ml of toluene, and then the suspension was cooled 
to 0°C. 1 7.8 ml of a toluene solution of methylalumlnoxane (A! = 1 .29 mmol/ml) was added dropwise over a period of 
30 min with maintaining at O'C, followed by reacting at 0*»C for 30 min. The temperature was raised to 95'*C over a 
period of 30 min, and the reaction was conducted for 4 hr at the same temperature. Thereafter, the temperature was 
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lowered to 60°C, and the supernatant liquid was removed by decantation. 

[1413] The obtained solid component was washed twice with toluene and then was resuspended in 50 ml of toluene. 
11 .1 ml of a toluene solution of bis(1 -n-butyl-3-methylcyclopentadienyl)zirconlum dichloride (Zr = 0.01 03 mmol/ml) was 
added dropwise to the suspension at 20^C over a period of 30 min. The temperature in the reactor was raised to BO'^C, 
and the reaction was conducted for 2 hr at the same temperature. The supernatant liquid was removed, and the pre- 
cipitate was washed twice with hexane to obtain a solid catalyst. The obtained solid catalyst included 2.3 mg of zirconium 
based on 1 g of the solid catalyst. 

[Preparation of prepolymerized catalyst] 

[1414] 4 9 of the obtained solid catalyst was resuspended in 400 ml of hexane. 5.0 ml of a decane solution of tri- 
isobutylaluminum (1 mmol/ml) and 0.36 g of l-hexene were added to the suspension, and the prepolymerization of 
ethylene was conducted at 35^C for 2 hr. After the removal of the supernatant liquid, the precipitate was washed three 
times with hexane to obtain a prepolymerized catalyst including 2.2 mg of zirconium and with which 3 g of polyethylene 
was prepolymerized, based on 1 g of the solid catalyst. 

[Polymerization of olefin] 

[1415] 1 liter of purified hexane and 40 ml of purified 1-hexene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. 

[1416] The temperature in the autoclave was raised to 60*'C, and 1.5 mmol of triisobutylaluminum and 0.24 mg in 
terms of zirconium atom of the prepolymerized catalyst were added. 

[1417] Ethylene was fed to initiate the polymerization at a pressure of 0,9 MPa. Thereafter, with supplying only eth- 
ylene, the polymerization was conducted at a pressure of 0.9 MPa and a temperature of 80®C for 1.5 hr. 
[1418] After completion of the polymerization, the polymer was filtered off and was dried at 80^C overnight. The yield 
of the obtained polymer was 200 g. The catalytic activity based on a zirconium atom was 77 kg/mmol-Zr. The density 
of the obtained ethylene/1 -hexene copolymer (referred to as P(Et/Hex)) was 0.925 g/cm^. As a result of IR analysis, 
the 1 -hexene content was 2.5 mol%, and it was confimned that there was an unsaturated bond in the temninal position 
of the ethylene/1 -hexene copolymer. Mw measured by GPC was 144,000. 

[Hydroboration] 

[1419] In a dry box filled with argon, 20 g of the above polymer (Mw = 1 44,000), which had an unsaturated bond in 
the terminal position, was suspended in 100 ml of degassed and dried TMF, and the suspension was placed in a glass 
flask with a magnetic stirrer. 2.2 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, 
the slurry was stirred at 55^*0 for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA 
and was dried under reduced pressure, and an ethylene/1 -hexene copolymer having boron in the terminal position 
(referred to as P(Et/Hex)-B) was obtained. 

[Polymerization of 2-hydroxyethylacrylate] 

[1420] 20 g of the copolymer of P(Et/Hex)-B was placed in a sealed flask and was suspended by the addition of 1 2.4 
g of dried 2-hydroxyethyl aery late (referred to as HE A) and 80 ml of THF. 1 .9 ml of dried oxygen was blown through 
to initiate the reaction, followed by stirring at room temperature for 15 min. 1 00 ml of methanol was added to terminate 
the reaction. The precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen 
atmosphere over a period of 24 hr to obtain an insoluble diblock copolymer of (ethylene/1 -hexene copolymer)-0-(poly- 
2-hydroxyethyl acrylate) (referred to as P(Et/Hex)-0-PHEA). 

[1421] The weight-average molecular weight (Mws) of the poly-2-hydroxyethyl acrylate (referred to as PHEA) moiety, 
which was estimated according to the following equation, was 400. 

Mwg = Mw^-(W2-W^)/W^ 

wherein: 

Mw^ is a weight-average molecular weight of the P(Et/Hex) moiety, 
Mw2 is a weight-average molecular weight of the PHEA moiety, 

is an amount of the copolymer of P(Et/Hex)-B used In the polymerization of HEA, and 
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W2 is an yield of the diblock copolymer. 
[Evaluation of properties] 

s [1422] A film was prepared by the use of the olefin block copolymers obtained in Examples 11 and 12 as follows. 
The adhesive strength to an aluminum sheet and the initial antifogging properties were evaluated. 
[1423] As a result, with respect to the diblock copolymer (PP-0-P(Sl/MAH)) obtained in Example 11, the adhesive 
strength to aluminum sheet was 2.5 kg/15 mm. The initial antifogging properties of the diblock copolymer (P(Et/Hex) 
-O-PHEA) obtained in Example 12 were the evaluation of "AA". 

10 

Adhesive strength to an aluminum sheet 

[1424] Preparation of film: An aluminum sheet 0.1 mm thick and an aluminum sheet 1 00 \im thick of which the central 
area was cut off In a square of 1 6 cm x 15 cm were put on a press plate in this order. 3.3 g of the sample (the diblock 
15 copolymer) was put on the central space (where was cut off) . A polyethylene terephthalale sheet, an aluminum sheet 

and a press plate were further superimposed in this order. 

[1425] The above sample interposed between the press plates.was placed In a hot press of 200^C and was preheated 
for about 7 min. Thereafter, the compression (at 50 kg/cm^-G) and the decompression were repeated several times 
to remove bubbles in the sample. The pressure was raised to 1 00 kg/cm^-G. and the sample was heated under pressure 
20 for 2 min. After decompression, the press plates were taken out from the hot press and were placed into another press 
of which area for contact bonding was maintained at a temperature of 0°C. After the cooling under pressure at 1 00 kg/ 
cm2-G for 4 min, the sample was decompressed and was taken out. The obtained laminate comprising the aluminum 
sheet and the diblock copolymer sheet was used to measure the adhesive strength. 

[1426] Measurement of adhesive strength: The obtained laminate was cut in a strip of 15 cm x 2 cm. An aluminum 
25 sheet (50 ^im thick) of 15 cm x 2 cm was put thereon. The laminate and the sheet were adhered by a heat-sealing 
tester in which the temperatures of the top heater and the bottom sheet were preset at 200*C and 70*^0, respectively 
The obtained laminate was cut in a strip 15 cm wide. The upper aluminum sheet (50 ^m thick) was peeled off the 
diblock copolymer film in the direction of 1 80** at the adhesive interface to measure the peel strength. 

30 Evaluation of initial antifogging properties 

[1427] Preparation of film: A polyethylene terephthalale sheet and an aluminum sheet 100 urn thick of which the 
central area was cut off in a square of 15 cm x 15 cm were put on a press plate in this order. 3.3 g of the sample (the 
diblock copolymer) was put on the central space (where was cut off). A polyethylene terephthalale sheet, an aluminum 

35 sheet and a press plate were further superimposed in this order. 

[1 428] The above sample interposed between the press plates was placed in a hot press of 200*'C and was preheated 
for about 7 min. Thereafter, the compression (at 50 kg/cm^-G) and the decompression were repeated several times 
to remove bubbles in the sample. The pressure was raised to 1 00 kg/cm^-G, and the sample was heated under pressure 
for 2 min. After decompression, the press plates were taken out from the hot press and were placed into another press 

40 of which area for contact bonding was maintained at a temperature of O^C. After the cooling under pressure at 1 00 kg/ 
cm2-G for 4 min, the sample was decompressed and was taken out. The obtained film of the diblock copolymer was 
used to evaluate the initial antifogging properties. 

[1429] Evaluation of initial antifogging properties: The top of a 100 ml beaker containing 70 ml of water was capped 
with the sample film. With placing the beaker In a constant temperature water bath of SCC, the beaker was allowed 
45 to stand in a constant temperature chamber of 20*'C. The fogging degree of the inside of the sample film was observed 
after 24 hr to evaluate the degree according to the following scales. 

Scales for evaluation; 

so [1430] 

AA: The film has an anti-stk:k quality, and it is Impossible to observe a water drop. 
BB: Large water drops attach to the film partially. 

CC: Fine water droplets attach to the almost all over the surface of the film. 
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Example 13 

[Preactivation of catalyst] 

5 [1431] 0.023 mmol in terms of trtanlum atom of [(N-t-butylamido)(tetramethyl-T|5<yclopentadlenyl) dimethylsilane) 
titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.69 mmol in terms of boron atom of tnphenylmethyltetrakis(pentafluorophenyl)borate was added thereto. An appro- 
priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared in a titanium concentration of 0.00046 mmol/ml. 

10 

[Polymerization of olefin) 

[1432] 750 ml of purified heptane and 50 ml of purified 1-octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 

15 autoclave was raised to 60**C, and 0.375 mmol of triisobutylaluminum and 0.00075 mmol in terms of titanium atom of 
the preactivaled catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. There- 
after, only ethylene was supplied. During the polymerization vyhen the temperature rose rapidly, the operation such 
that the supply of ethylene was stopped until the temperature dropped to 70''C was carried out twice. The polymerization 
was conducted at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to 85''C for 6 min. 

20 [1433] After the elapse of prescribed time, isopropanol (IPA) was added to lenninate the reaction. 

[1 434] After decompression, the polymer solution was taken out and was poured into 4 liters of methanol. The solution 
was stirred thoroughly. The solid product was collected by filtration and was washed with methanol. The solid product 
was dried in flowing nitrogen at 120 °C and 500 mmHg for 12 hr. 

[1435] The yield of the obtained polymer was 47.5 g. The catalytic activity was 630 kg/mmol-Tl-h. As a result of IR 
25 analysis of the polymer, the octene content was 18.6 mol%. and it was confirmed that there was an unsaturated bond 
in the terminal position of the polymer molecule. The intrinsic viscosity of the copolymer (ethylene/octene random 
copolymer (referred to as EOR)) was 1 .49 dl/g. Mw was 115,700. 

[Hydroboration] 

30 

[1436] In a dry box filled with argon, 20 g of the copolymer of EOR, which had an unsaturated bond in the temninal 
position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 2.8 ml of a THF solution of 9-borabicyclo[3.3.1 ]nonane (9-BBN) (0.5M) was added to the suspension. 
In the dry box, the slurry was stirred at S5°C for 5 hr and then was filtered. The filter cake was washed with degassed 
35 and dried IPA and was dried under reduced pressure, and an ethylene/octene random copolymer having boron in the 
terminal position (referred to as EOR-B) was obtained. 

[Polymerization of 2-hydroxyethylacrylate] 

40 [1437] 18 g of the copolymer of EOR-B was placed in a sealed flask and was suspended by the addition of 16.8 g 
of dried 2-hydroxyethyl acrylate (HEA) and 80 ml of THF. 1.9 ml of dried oxygen was blown through to initiate the 
reaction. The suspension was stirred at room temperature for 17 min and then was filtered. The filter cake was washed 
with degassed and dried IPA and was dried under reduced pressure to obtain a diblock copolymer of EOR-0-(poly- 
2-hydroxyethyl acrylate) having boron in the terminal position (refen-ed to as EOR-O-PHEA-B). 

45 

[Transfonmation to functional group in terminal position] 

[1438] 50 ml of heptane was added to 1 5 g of the diblock copolymer (EOR-O-PHEA-B) at room temperature, and 5 
ml of pyridine was added at 70''C. 30 g of carbon tetrabromide was added at 40*'C, and then 18 ml of a benzene 

50 solution of bromine of 0.2 M was added at 25*'C. The solution was stirred until the exothermic did not occur. After the 
reaction, the mixture was poured into 1 liter of methanol and was filtered. The filter cake was washed with methanol 
to collect the polymer. 50 ml of dimethylformamlde (DMF) and 0.75 mmol of sodium azide were added to the obtained 
polymer, and the reaction was conducted at SO^'C for 4 hr. After the reaction, the mixture was allowed to stand for 
cooling and was poured into 1 liter of methanol. The mixture was filtered, and the filter cake was washed with methanol 

55 to collect the polymer 50 ml of THF and 0.75 mmol of triphenylphosphlne were added to the obtained polymer, and 
the reaction was conducted at room temperature for 6 hr. After the reaction, 10 ml of acetic acid, 10 ml of water and 
a catalytic amount of trifluoroacetic acid were added, and the reflux was conducted for 24 hr. The reaction product was 
washed with water, and dried under vacuum. 
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[1 439] Acx;ording to I R analysis, It was confirmed that the terminal position of the obtained copolymer was transf onmed 
to an amino group. The weight-average molecular weight (MW2) of the PHEA moiety, which was estimated according 
to the following equation, was 480. 

^ MW2 = Mw^.(W2-W^)/Wi 

wherein: 

10 Mw^ is a weight-average molecular weight of the EOR moiety, 

Mw2 is a weight-average molecular weight of the PHEA moiety, 
Wi is an amount of the copolymer of EOR-B used in the polymerization of HEA. and 
W2 is an yield of the diblock copolymer. 

15 [Adhesive properties of the EOR-O-PHEA aminated in the terminal position] 

[1440] A film was prepared by the use of the copolymer of ^OR-O-PHEA aminated In the terminal (the modified 
diblock copolymer) as follows. The adhesive strength to polyethylene terephthalate (PET) was measured as follows. 

20 [Preparation of film] 

[1441] An aluminum sheet 0.1 mm thick, a Teflon sheet and an aluminum sheet 100 thick of which the central 
area was cut off in a square of 15 cm x 15 cm were put on a press plate in this order 3.3 g of the sample was put on 
the central space (where was cut off). A Teflon sheet, an aluminum sheet and a press plate were further superimposed 
25 in this order. 

[1 442} The above sample interposed between the press plates was placed in a hot press of 1 50^C and was preheated 
for about 7 min. Thereafter, the compression (at 50 kg/cm^-G) and the decompression were repeated several times 
to remove bubbles in the sample. The pressure was raised to 1 00 kg/cm^-G, and the sample was heated under pressure 
for 2 min. After decompression, the press plates were taken out from the hot press and were placed into another press 
30 of which area for contact bonding was maintained at a temperature of O^'C. After the cooling under pressure at 1 00 kg/ 
cm^-G for 4 min, the sample was decompressed and was taken out. Of the obtained film (the modified diblock copolymer 
film), the part having a uniform thickness of about 120 to 130 ^m was used to measure the adhesive strength to PET. 

[Measurement of adhesive strength to PET] 

35 

[1443] The modified diblock copolymer film was interposed between two sheets of PET film (200 ^m thick) 15 cm 
square, and the modified diblock copolymer film was adhered to the PET films under the same press conditions as in 
the section of [Preparation of film]. The obtained laminate was cut in a strip 15 cm wide. The PET film was peeled off 
the diblock copolymer film in the direction of 1 80* at the adhesive Interface to measure the peel strength at 23'C. The 
^ peel strength was 800 g/cm^, and the diblock copolymer was excellent in adhesive properties. 

Example 1 4 

[Preparation of solid catalyst] 

45 

[1 444] 3.0 g of silica dried at 250*^0 for 1 0 hr was suspended in 50 ml of toluene, and then the suspension was cooled 
to 0°C. 17.8 ml of a toluene solution of methylaluminoxane (Al = 1 .29 mmol/ml) was added dropwise over a period of 
30 min with maintaining at O^^C, followed by the reaction at 0°C for 30 min. The temperature was raised to 95**C over 
a period of 30 min, and the reaction was conducted for 4 hr at the same temperature. Thereafter, the temperature was 

50 lowered to 60**C, and the supernatant liquid was removed by decantation. 

[1 445] The obtained solid component was washed twice with toluene and then was resuspended in 50 ml of toluene. 
11.1 ml of a toluene solution of bis(1-n>butyl-3*methylcyclopentadienyl) zirconium dichloride (Zr = 0.0103 mmot/ml) 
was added dropwise to the suspension at 20*'C over a period of 30 min. The temperature in the reactor was raised to 
80''C, and the reaction was conducted for 2 hr at the same temperature. The supernatant liquid was removed, and the 

55 precipitate was washed twice with hexane to obtain a solid catalyst. The obtained catalyst included 2.3 mg of zirconium 
based on 1 g of the solid catalyst. 
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[Preparation of prepolymerized catalyst] 

[1446] 4 g of the obtained solid catalyst was resuspended In 400 ml of hexane. 5.0 ml of a decane solution of tri- 
Isobutylaluminum (1 mmol/ml) and 0.36 g of 1-hexene were added to the suspension, and the prepolymerization of 
5 ethylene was conducted at 35'C for 2 hr. After the removal of the supematant liquid, the precipitate was washed three 
times with hexane to obtain a prepolymerized catalyst including 2.2 mg of zirconium and with which 3 g of polyethylene 
was prepolymerized, based on 1 g of the solid catalyst. 

[Polymerization of olefin] 

10 

[1447] 1 liter of purified hexane and 40 ml of purified l-hexene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to 60**C, and 1.5 mmol of triisobutylaluminum and 0.24 mg in temns of zirconium atom of the 
prepolymerized catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. There- 
15 after, with supplying only ethylene, the polymerization was conducted at a pressure of 0.9 MPa and a temperature of 
SO'^C for 1.5 hr. 

[1448] After completion of the polymerization, the polymer solution was filtered, and the obtained solid product was 
dried at dO^'C overnight. The yield of the obtained polymer was 200 g. The catalytic activity based on a zirconium atom 
was 77 kg/mmol-Zr. As a result of IR analysis of the obtained polymer, the 1 -hexene content was 2.5 mol%, and it was 
20 confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. The density of the 
polymer (ethylene/1 -hexene copolymer (P(Et/Hex))) was 0.925 g/cm^. According to the measurement by GPC, Mw 
was 144.000 and Mw/Mn was 2.2. 

[Transformation in terminal position of the ethylene/1 -hexene copolymer] 

25 

[1449] In a dry box filled with argon, 20 g of the ethylene/1 -hexene copolymer, which had an unsaturated bond in 
the terminal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stirrer 2.2 ml of a THF solution of 9-BBN (0.6 M) was added to the suspension. In the dry box, 
the slurry was stirred at 55°C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA 

30 and was dried under reduced pressure. 

[1450] 10 g of the obtained copolymer was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere at 
room temperature, 0.2 g of NaOH dissolved in 1 ml of water and 0.3 ml of methanol were added thereto. 0.8 ml of 30% 
H2O2 was added dropwise at 0*^0. The reaction was conducted at 40°C for 6 hr, and then the reaction solution was 
poured into 2 liters of methanol to precipitate a polymer. The obtained copolymer was refluxed with 100 ml of methanol 

35 for 2 hr and then was dried under reduced pressure at 50°C for 8 hr. As a result of IR analysis, it was confinned that 
a terminal position of the copolymer molecule was modified by a hydroxy I group so that there was no unsaturated bond 
in the terminal position. 

[1451] 150 ml of toluene and 0.25 mmol of potassium pennanganate were added to 8 g of the obtained ethylene/ 
1-hexene copolymer, which had a hydroxyl group In the temiinal position (P(Et/Hex)-OH). The reaction was conducted 
40 at 40°C for 2 hr. and then the reaction solution was poured into 2 liters of methanol to precipitate a polymer. The 
obtained copolymer was washed with methanol and then was dried under reduced pressure at 50** for 8 hr. According 
to IR analysis, it was confirmed that the hydroxyl group in the terminal position was substituted to a carboxyl group. 

[Coupling reaction with polar segment] 

45 

[1452] 100 ml of N-methylpyrrolidone, 50 g of polyethylene glycol (PEG. Mv =100.000) available from Aldrich, and 
catalytic amounts of tetra-n-butyl titanate and butylhydroxyltin oxide were added to 15 g of the obtained ethylene/ 
1-hexene copolymer, whch had a carboxyl group In the terminal position. The reaction was conducted at 200*^0 for 
48 hr. After the reaction, the reaction solution was allowed to stand for cooling and was poured into 2 liters of methanol. 
so The obtained polymer was refluxed with 100 ml of methanol for 2 hr and then was dried under reduced pressure at 
50^C for 8 hr 

[1453] According to NMR analysis, it was conf imned that the obtained polymer had a stmcture such that the segment 
of ethylene/1 -hexene copolymer linked with the PEG segment via an ester linkage. 

55 [Higher-order structure of the diblock copolymer of (ethylene/1 -hexene random copolymer)/polyethylene glycol] 

[1454] A pressed sheet (1 mm thick) 8 cm x 8 cm square was prepared at 150°C by the use of the obtained diblock 
copolymer in the same manner as In Example 13. The surface of the pressed sheet was dyed by the use of ruthenic 
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acid and then was observed by a scanning electron microscope. A pseudo-mosaic structure of an average cord length 
of 0.1 \ivn was observed. 

Example 15 

5 

[Preparation of catalyst solution] 

[1455] Methylaluminoxane and diphenylsilylenebis(2,7-dimethyl-4Msopropylindenyl)zirconiumdichloride were mixed 
in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium was 
10 0.00011 mmoi/liter and the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stirring for 
15 min to prepare a catalyst solution. 

[Polymerization] 

15 [1 456] 400 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 1 00 liters per hour With stirring at 600 revolutions per minute, a solution in the reactor 
was maintained at 45°C for 1 0 min. 1 9.4 mg in terms of aluminum atom of triisobutylaluminum was added. 0.36 mg in 
terms of zirconium atom of the above catalyst solution was added, and the temperature in the reactor was raised to 
50^C. The polymerization was conducted at 50°C and ordinary pressure for 20 min. A small amount of IPA was added 

20 to terminate the polymerization. After completion of the polymerization., the reaction solution was poured into 2 liters 
of a methanol solution of dilute hydrochloric acid to precipitate a polymer. The precipitated polymer was washed twice 
with methanol, and then the obtained polymer was dried under reduced pressure at 80°C overnight. The yield of the 
obtained polypropylene was 21.8 g. The catalytic activity was 16.4 kg/mmol-Zr-h. The melting point fTm) measured 
by DSC was 1 49.1 ""C. Mw measured by GPC was 1 06,000. As a result of IR analysis, it was confinned that there was 

25 an unsaturated bond in the terminal position of the polymer molecule. 

[Hydroboration] 

[1457] In a dry box filled with argon, 20 g of the above polypropylene, which had an unsaturated bond in the terminal 
30 position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 3.0 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at 55"C for 5 hr and then was filtered. The obtained solid product was washed with degassed and dried IPA 
and was dried under reduced pressure, and polypropylene having boron in the temntnal position (PP-B) was obtained. 

35 [Polymerization of methylmethacrylate] 

[1458] 16 g of the polymer of PP-B was placed in a sealed flask and was suspended by the addition of 11 .5 g of 
dried methylmethacrylate (MM A) and 60 ml of THF. 1 .6 ml of dried oxygen was blown through to initiate the reaction. 
The suspension was stirred at room temperature for 4 hr and then was filtered in a nitrogen atmosphere. The filter 

40 cake was washed with degassed and dried IPA and was dried under reduced pressure. 7.5 g of the obtained polymer 
was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere at room temperaturd, 0.2 g of NaOH dissolved 
in 1 ml of water and 0.3 ml of methanol were added thereto. 0.8 ml of 30% HgOg was added dropwise at O^'C. The 
reaction was conducted at 40*'C for 6 hr, and then the reaction solution was poured into 2 liters of methanol to precipitate 
a polymer. The obtained polymer was refluxed with 1 00 ml of methanol for 2 hr and then was extracted with acetone 

45 and heptane over a period of 24 hr. The insoluble component was dried under reduced pressure at 50**C for 8 hr to 
obtain a diblock copolymer of PP-O-polymethylmethacrylate (referred to as PP-O-PMMA). As a result of IR analysis* 
it was confirmed that there was a hydroxyl group in the tenninal position of the polymer molecule. 
[1459] The weight-average molecular weight (Mwg) of the PMMA moiety, whk:h was estimated according to the 
following equation, was 10,000. 

50 

MWg = Mw^ - (Wg Wi)yw^ 

wherein: 

55 

Mw., is a weight-average molecular weight of the PP moiety, 
Mw2 is a weight-average molecular weight of the PMMA moiety. 

Is an amount of the polymer of PP-B used in the polymerization of MMA, and 
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W2 is an yield of the dibiock copolymer. 
[Synthesis of nylon-6] 

5 [1460] In a stream of nitrogen, a mixed solution of 50 g of c-caprolactam and 2.0 g of a 50% e-aminocaprolc acid 
aqueous solution was heated al Z&O'^C for 40 min. The solution was cooled to room temperature and was washed with 
water. Mw of the obtained polymer (nylon-6) was 2,000. 

[Coupling reaction] 

10 

[1461] 150 ml of N-methylpyrrolidone, 0.5 g of the above nylon-6 and catalytic amounts of tetra-n-butyl titanate and 
butylhydroxylttn oxide were added to 30 g of the copolymer of PP-O-PMMA. which had a hydroxyl group in the terminal 
position. The reaction was conducted at 200**C for 72 hr. After the reaction, the reaction solution was poured into 2 
liters of methanol. The obtained polymer was refluxed with 100 ml of methanol for 2 hr and then was dried under 
IS reduced pressure at 50°C for 8 hr. 

[1462] According to NMR analysis, It was confimied that the obtained polymer had a structure such that the PMMA 
segment linked with the nylon-6 segment via an ester linkage. , 

(Physical and coating properties of the polypropylene/polymethylmethacrylate/nylon-6 block copolymer] 

20 

[1463] A pressed sheet 1 mm thick was prepared at 240*^0 in the same manner as in Example 13. 
[1464] The flexural modulus (FM) was measured by the use of the above pressed sheet at a temperature of 23*^0 
and a crosshead speed of 10 mm/min In accordance with ASTM D790. FM of the block copolymer was 2,500 MPa. 
[1465] The coating properties were evaluated by cross-cut adhesion test with respect to the specimens prepared in 
25 such a manner that the coatings were individually applied onto the above pressed sheets as follows. Before the coatings 
were applied, the surfaces of the pressed sheets were wiped with cloths impregnated isopropanol. 

(a) Two-packurethane coating (tradename: R-271 , available frorn Nippon Bee Chemical Co., Ltd.) was applied by 
an air gun so that the thickness of the dry film was 60 jim. The baking was conducted at lOO'^C for 30 min. 
30 (b) Melamlne resin coating (trade name: Flexene #1 05, available from Nippon Bee Chemical Co.. Ltd.) was applied 

by an air gun so that the thickness of the dry film was 60 \im. The baking was conducted at 120**C for 30 min. 

Cross-cut adhesion test 

35 [1466] Cross-cut adhesion test was conducted In accordance with JIS K5400 as follows. The surface of the coated 
pressed sheet as described above was crosshatched to obtain a specimen. A cellophane adhesive tape (trade name: 
CT-1 8, available from Ntehiban Co., Ltd.) was adhered to the specimen and then was rapidly stripped off In the direction 
of 90"*. The number of the coated squares remaining on the specimen was counted and was regarded as an index of 
the adhesive properties. When the above block copolymer was used, the number of the peeled squares was zero. 

40 

Example 16 

[Preparation of catalyst solution] 

45 [1467] Methylaluminoxane and dimethylsilylenebis(indenyl) zirconium dichloride were mixed in toluene (an appro- 
priate amount of toluene may be optionally added) so that the concentration of zirconium was 0.00011 mmol/liter and 
the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stimng for 15 min to prepare a 
catalyst solution. 

so [Polymerization] 

[1468] 750 ml of purified heptane was placed in a 2-liter stainless steel autoclave purged thoroughly with nitrogen, 
and nitrogen in the autoclave was replaced with propylene. The temperature in the autoclave was raised to 40*>C, and 
0.263 mmol of triisobutylaluminum and 0.00050 mmol in terms of zirconium atom of the preactivated catalyst were 
ss added. 

[1469] The propylene gas In the autoclave was replaced with the mixed gas consisting essentially of propylene of 
91 .3 mol%, ethylene of 1 .2 mol% and butene of 7.5 mol%, and the temperature in the autoclave was raised with 
pressurizing by the mixed gas. The time when the temperature and the pressure went up to 0.8 MPa and 70**C. re- 
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spectively. was regarded as the initiation of the polymerization. The polynnerlzatlon was conducted for 30 min with 
maintaining at the same pressure and the same temperature. After 30 min, the supply of the mixed gas was stopped 
to terminate the polymerization. After decompression and cooling, the slurry was taken out, and the solid product was 
collected by filtration. The solid product was dried under reduced pressure in flowing nitrogen at 80°C and 500 mmHg 
5 for12hr. 

[1470] The yield of the obtained polymer was 43.7 g. According to the measurement by GPC. Mw was 30,000 and 
Mw/Mn was 2.2. As a result of IR analysts, the ethylene content was 3 mol% and the butene content was 3 mol%, and 
it was confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. 

[Transformation in terminal position of the polymer] 

[1471] In a dry box filled with argon, 8.7 g of the propylene/ethylene/butene random copolymer, which had an un- 
saturated bond in the terminal position, was suspended in 100 ml of degassed and dried THF, and the suspension was 
placed in a glass flask with a magnetic stirrer. 4.6 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. 
IS In the dry box, the slurry was stirred at 55°C for 5 hr and then was filtered. The filter cake was washed with degassed 
and dried IRA and was dried under reduced pressure to obtain a propylene/ethylene/butene random copolymer having 
boron in the terminal position (referred to as PEBR-B). 

[1472] 2.1 g of the obtained copolymer was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere 
at room temperature. 0.2 g of NaOH dissolved in 1 ml of water and 0.3 ml of methanol were added thereto. 0.8 ml of 

20 30% H2O2 was added dropwise at 0^*0. The reaction was conducted at 40^0 for 6 hr, and then the reaction solution 
was poured into 2 liters of methanol to precipitate a copolymer The obtained copolymer was refluxed with 100 ml of 
methanol for 2 hr and then was dried under reduced pressure at 50°C for 8 hr. 50 ml of toluene, 0.35 mmol of eth- 
anolamine and a catalytic amount of sulfuric acid were added to the obtained copolymer, and the reaction was con- 
ducted at lOO^'C for 12 hr. 1 liter of methanol was added to the reaction solution, and the solid product was filtered off. 

25 The solid product was washed twice with methanol and then was dried at 50<'C for 8 hr. 

[1 473] 50 ml of a methanol solution of 1 0% hydrochloric acid was added to the polymer, and the reaction was con- 
ducted at 30''C for 1 hr. The solid product was filtered off by a fritted-glass filter The obtained copolymer was washed 
with acetone and was dried under reduced pressure at SC'C for 8 hr 75 ml of absolute tetralin was added to the 
obtained copolymer, and the suspension was heated to 1 80°C. The temperature was maintained at the same temper- 

30 ature for 24 hr with supplying phosgene at a rate of 5 g per hour After the reaction, the copolymer was filtered off and 
was washed with acetone. As a result of IR analysis, it was confirmed that a tenminal position of the copolymer molecule 
was modified by an isocyanate group. 

[Coupling reaction] 

33 

[1474] In a nitrogen atmosphere, 40 ml of chlorobenzene, 160 ml of o-dichlorobenzene and 1 .75 g of polytetrame- 
thylene glycol (referred to as PTMG, Mn = 2,900) available from Aldrich were added to 1 8 g of the obtained propylene/ 
ethylene/butene random copolymer, which had an isocyanate group in the terminal position. The reflux was conducted 
for 8 hr The solution was cooled to room temperature and was poured into 2 liters of methanol to precipitate a polymer 
40 The obtained polymer was refluxed with 100 ml of methanol for 2 hr and then was dried under reduced pressure at 
SO^'C for 8 hr 

[1475] According to NMR analysis, it was confirmed that the obtained polymer was an ABA block copolymer having 
a structure such that the segment of propylene/ethylene/butene random copolymer linked with the PTMG segment via 
a urethane linkage (PEBR-PTMG-PEBR). 

45 

[Properties of the block copolymer (PEBR-PTMG-PEBR)] 

[1476] A pressed sheet 1 mm thick was prepared at 200''C in the same manner as in Example 13. 
[1477] The flexural modulus (FM) was measured by the use of the above pressed sheet at a temperature of 23°C 
so and a crosshead speed of 1 0 mm/min in accordance with ASTM D790. FM of the block copolymer (PEBR-PTMG-PEBR) 
was 1 ,200 MPa. With respect to the above pressed sheet, the haze value was measured by a digital turbidimeter (NDH- 
20D) manufactured by Nippon Denshoku Industries Co., Ltd. The haze value was 25%. 

Example 1 7 

55 

[Preparation of catalyst solution] 

[1478] Methylaluminoxane and dimethylsilylenebis(indenyl) zirconium dichloride were mixed in toluene (an appro- 
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priate amount of toluene may be optionaily added) so that the concentration of zirconium was 0.00011 mmot/titer and 
the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stirring for 15 min to prepare a 
catalyst solution. 

5 [PolymerizailonJ 

[1479] 750 ml of purified heptane was placed in a 2-liter stainless steel autoclave purged thoroughly with nitrogen, 
and nitrogen in the autoclave was replaced with propylene. The temperature in the autoclave was raised to 40**C, and 
0.263 mmol of triisobutylaluminum and 0.00050 mmol in terms of zirconium atom of the above catalyst solution were 

10 added. The temperature in the autoclave was raised with pressurizing by propylene. The time when the temperature 
and the pressure went up to 0.7 MPa and 75°C, respectively, was regarded as the initiation of the polymerization. The 
polymerization was conducted for 40 min with maintaining at the same pressure and the same temperature. After 30 
min. the supply of propylene was stopped to terminate the polymerization. After decompression and cooling, the slurry 
was taken out, and the solid product was collected by filtration. The solid product was dried under reduced pressure 

15 in flowing nitrogen at B0**C and 500 mmhlg for 12 hr. 

[1480] The yield of the obtained polypropylene was 37.0 g. Mw measured by GPC was 32,000. As a result of IR 
analysis, it was confinned that there was an unsaturated bond in the temriinal position of the polymer molecule. 

[Hydroboration] 

20 

[1481] In a dry box filled with argon, 9.3 g of the above polypropylene, which had an unsaturated bond in the terminal 
position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 4.6 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at 55''C for 5 hr and then was filtered. The solid product was washed with degassed and dried IPA and was 
25 dried under reduced pressure, and polypropylene having boron in the terminal position (PP-B) was obtained. 

[Polymerization of butylacrylate] 

[1482] 22 g of the polymer of PP-B was placed In a sealed flask and was resuspended by the addition of 66.2 g of 
30 dried butylacrylate (referred to as BA) and 80 ml of THF. 7.0 ml of dried oxygen was blown through to Initiate the 
reaction. The suspension was stirred at room temperature for 56 hr and then was filtered in a nitrogen atmosphere. 
The filter cake was washed with degassed and dried IPA and was dried under reduced pressure. 
[1483] 22 g Of the obtained polymer was added to 250 ml of degassed and dried THF In a nitrogen atmosphere at 
room temperature, 2 g of NaOH dissolved in 10 ml of water and 3 ml of methanol were added thereto. 8 ml of 30% 
35 H2O2 was added dropwise to the solution at 0**C. The reaction was conducted at 40*C for 6 hr, and then the reaction 
solution was poured into 2 liters of methanol to precipitate a polymer. The obtained polymer was refluxed with 100 ml 
of methanol for 2 brand then was extracted with acetone and heptane over a period of 24 hr. The insoluble component 
was dried under reduced pressure at 50**C for 8 hr to obtain a diblock copolymer of polypropylene-O-polybutylacrylate 
(referred to as PP-O-PBA). As a result of IR analysis, it was confirmed that there was a hydroxyl group in the terminal 
40 position of the copolymer molecule. 

[1 484] The weight-average molecular weight (MWg) of the PBA moiety, which was estimated according to the follow- 
ing equation, was 100,000. 



^3 MW2 = MWi .(W2-Wi)/W, 

wherein: 

Mw^ is a weight-average molecular weight of the PP moiety, 
50 Mwg is a weight-average molecular weight of the PBA moiety, 

Wi is an amount of the polymer of PP-B used In the polymerization of BA. and 
W2 is an yield of the diblock copolymer. 

[Coupling reaction] 

55 

[1485] In a nitrogen atmosphere, 40 ml of chlorobenzene. 160 ml of o-dichlorobenzene and 33 mg of hexamethyl- 
enedlisocyanate were added to 26 g of the obtained diblock copolymer of PP-O-PBA having a hydroxyl group in the 
terminal position. The reflux was conducted for 24 hr. The solution was cooled to room temperature and was poured 
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into 2 liters of methanol to precipitate a polymer. The obtained polymer was refluxed with 100 ml of methanol for 2 hr 
and then was dried under reduced pressure at 50*C for 8 hr. According to NMR analysis, it was confirmed that the 
obtained polymer was a block copolymer ((PP-O-PBA)-hexamethylene-(PP-O-PBA)) having a stmcture such that the 
PP-O-PBA segment linked with the hexamethylene segment via a urethane linkage. 

5 

[Properties of the block copolymer ((PP-0-PBA)-hexamelhylene-(PP-0-PBA))J 

[1486] A pressed sheet was prepared at 190*C In the same manner as in Example 13. The following tests were 
conducted by the use of the obtained block copolymer sheet. 

10 

Tensile test 

[1487] Tensile test was conducted at a temperature of 23*0, a span of 30 mm and a tensile speed of 30 mm/min by 
the use of a dumbbell specimen punched out of the pressed sheet 1 mm thick in accordance with ATSM 0638. 
15 [1488] Young's modulus of the obtained block copolymer sheet was 1 0 MPa. and the tensile elongation at break was 

250%. 

Oil resistance (AV) 

^ [1489] The rectangular sheet 3 mm thick of the block copolymer was immersed In JIS No.3 oil at 50°C for 7 days in 
accordance with JIS K6301 . The increasing change (percent) in the volume of the sheet given between before and 
after the immersion was measured. The increasing change in volume of the block copolymer sheet was 30%. 

Rubber elasticity (PS) 

25 

[1490] In accordance with JIS K6301 , a dumbbell specimen punched out of the block copolymer sheet 1 mm thick 
was maintained at a temperature of 23°C and an extension of 100% for 10 min by a tensile tester, and the permanent 
strain after 10 min from unloading was measured. 
[1491] PS of the block copolymer sheet was 20%. 

30 

Example 18 

[Preparation of catalyst solution] 

35 [1492] Methylaluminoxane and meso-dimethylsilylenebis (2-methyl-4-phenylindenyl) zirconium dichlorlde were 
mixed in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium 
was 0.0001 1 mmol/liter and the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stirring 
for 15 min to prepare a catalyst solution. 

40 [Polymerization] 

[1493] 250 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
and propylene were passed through at rates of 75 liters per hour and 125 liters per hour, respectively. With stirring at 
600 revolutions per minute, a solution in the reactor was maintained at fiO'^C for 10 min. 0.045 mg (0.0005 mmol) in 

4s terms of zirconium atom of the preactivated catalyst solution was added. The polymerization was conducted at 80°C 
and ordinary pressure for 60 min. A small amount of isopropanol was added to terminate the polymerization. After 
completion of the polymerization, the reaction solution was poured into 2 liters of a methanol solution of dilute hydro- 
chloric acid to precipitate a polymer. The polymer was washed twice with methanol and then the obtained polymer was 
dried under reduced pressure at ISO^C overnight. The yield of the obtained polymer (ethylene/propylene random co- 

so polymer (refenred to as EPR)) was 3.2 g. As a result of IR analysis, the ethylene content was 70.7 mol%, and it was 
confimied that there was an unsaturated bond in the terminal position of the polymer molecule. Mw was 1 ,500. 

[Hydroboration] 

55 [1494] In a dry box filled with argon, 4.9 g of the copolymer of EPR, which had an unsaturated bond in the terminal 
position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stin-er. 14.2 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry 
was stirred at 55*^0 for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was 
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dried under reduced pressure, and an ethylene/propylene random copolymer having boron in the temiinal position 
(referred to as EPR-B) was obtained. 

[Polymerization of bulylacrylate) 

5 

[1495] 1 .5 g of the copolymer of EPR-B was placed in a sealed flask and was suspended by the addition of 9.8 g of 
dried butylacrylate (BA) and 80 ml of THF. 1.0 ml of dried oxygen was blown through to initiate the reaction. The 
suspension was stirred at room temperature for 40 min and then was fittered. The filter cake was washed with degassed 
and dried I PA and was dried under reduced pressure to obtain a diblock copolymer of PP-O-polybutylacrylate (refen^ed 
10 to as PBA) having boron in the terminal position (referred to as PP-O-PBA-B). 

[Transformation in terminal position of the polymer] 

[1496] 1.7 g of the obtained diblock copolymer was added to 250 ml of degassed and dried THR In a nitrogen 
15 atmosphere at room temperature, 2 g of NaOH dissolved in 1 0 ml of water and 3 ml of methanol were added thereto. 
8 ml of 30% HgOg was added dropwise at Q^C. The reaction was conducted at 40^C for 6 hr. and then the reaction 
solution was poured into 2 liters of methanol to precipitate a copolymer. The obtained copolymer was refluxed with 100 
ml of methanol for 2 hr and then was dried under reduced pressure at 50°C for 8 hr. As a result of IR analysis, it was 
confimied that there was a hydroxyl group in the terminal position of the copolymer molecule. 
20 [1497] 250 ml of toluene, 3.5 mmol of ethanolamlne and a catalytic amount of sulfuric acid were added to 1 .7g of 
the obtained copolymer of PP-O-PBA having a hydroxyl group in the temninal position, and the reaction was conducted 
at 100**C for 12 hr. 1 liter of methanol was added to the reaction solution, and the solid product was filtered off. The 
solid product was washed twice with methanol and then was dried at 50°C for 8 hr. 

[1498] 50 ml of a methanol solution of 1 0% hydrochloric acid was added to the polymer, and the reaction was con- 
25 ducted at SO'^C for 1 hr. The solid product was filtered off by a fritted-glass filter. The obtained copolymer was washed 
with acetone and was dried under reduced pressure at SO'^C for 8 hr. 500 ml of absolute tetralin was added to the 
obtained copolymer, and the suspension was heated at 180**C. The suspension was maintained at the same temper- 
ature for 24 hr with supplying phosgene at a rate of 50 g per hour As a result of IR analysis, it was confirmed that the 
terminal position of the copolymer molecule was modified by an isocyanate group. 
30 [1499] The weight-average molecular weight (MW2) of the PBA moiety, which was estimated according to the follow- 
ing equation, was 1,000. 



Mw2 = Mw^.(W2-Wi)/Wi 

35 

wherein: 



Mwi is a weight-average molecular weight of the EPR moiety, 
Mw2 is a weight-average molecular weight of the PBA moiety, 

is an amount of the copolymer of EPR-B used in the polymerization of BA, and 

is an yield of the diblock copolymer. 



[Coupling reaction] 



[1500] In a nitrogen atmosphere, 40 ml of chlorobenzene, 1 60 ml of o-dichlorobenzene and 1 .6 g of pentaerythritol 
ethoxylate (15/4 = EO/OH; and Mn = 797) available from Aldrich were added to 5 g of the obtained diblock copolymer 
of PP-O-PBA, which had an isocyanate group in the terminal position. The reflux was conducted for 8 hr. The solution 
was cooled to room temperature and was poured into 2 liters of methanol to precipitate a polymer. The obtained polymer 
was refluxed with 100 ml of methanol for 2 hr and then was dried under reduced pressure at 50*0 for 8 hr. 
so [1501] According to NMR analysis, it was confimned that the obtained polymer was a star block copolymer such as 
the segment of (PP-0-PBA-) linked with pentaerythritol ethoxylate via a urethane linkage. Further, since the residual 
pentaerythritol ethoxylate contained a trace amount of the hydroxyl group, it was assumed that the obtained block 
copolymer was a star block copolymer. 

55 [Evaluation of adhesive properties of the star block copolymer] 

[1502] A star block copolymer film (a thickness of 120 to 130 ^im) prepared in the same manner as in Example 13 
was interposed between two sheets of PET film (200 ^m thick) 1 5 cm square and was adhered under a press condition 
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of SO^C. The obtained laminate was cut in a strip 15 cm wide. The PET film was peeled off the modified diblock 
copolymer film in the direction of 180'' at the adhesive interface to measure the peel strength at 2^*0. 
[1503] The peel strength was 410 g/cm^. and the diblock copolymer was excellent in adhesive properties. 
[1504] Further, 3 g of the star block copolymer was interposed between PP films, and the same evaluation was 
5 conducted. 

[1505] The peel strength was 320 Q/crrfi, and the diblock copolymer was excellent in adhesive properties. 
Example 1 9 

io [Preparation of solid titanium catalyst component] 

[1506] 7.14 g (75 mmol) of anhydrous magnesium chloride, 37.5 ml of decane and 35.1 ml (225 mmol) of 2-ethyl- 
hexylabohol were allowed to react with heating at 130°C for 2 hr, and the homogeneous solution was obtained. 1 .67 
g (11 .3 mmol) of phthaltc anhydride was added to the solution, and the solution was mixed with stirring at 1 30**C for 1 

15 hr to dissolve phthalic anhydride in the homogeneous solution. The obtained homogeneous solution was cooled to 
room temperature, and then a total amount of the solution was added dropwise to 200 ml (1 .8 mol) of titRnium tetra> 
chloride maintained at a temperature of •20'C over a period of ,1 hr. After the addition, the temperature of the mixed 
solution was raised to 110*C over a period of 4 hr. When the temperature went up to IIO'C, 5.03 ml (18.8 mmol) of 
diisobutylphthalate (referred to as DIBP) was added, and then the solution was maintained for 2 hr at the same tem- 

20 perature with stirring. The solid product was collected by hot-filtration. The solid product was resuspended in 275 ml 
of titanium tetrachloride, and then the reaction was conducted with heating at 110°C for 2 hr. After completion of the 
reaction, the solid product was collected by hot-filtration again and had been washed thoroughly with decane of IIO^C 
and hexane of room temperature until the free titanium compound was not detected in the washings. While the solid 
titanium catalyst component synthesized in the above manner was preserved as a slurry in hexane, part of the com- 

25 ponent was dried to examine the constituents of the catalyst. The constituents of the obtained solid titanium catalyst 
component were Ti of 2.1% by weight, CI of 58% by weight. Mg of 1 8% by weight and DIBP of 10.9% by weight. 

[Polymerization of propylene) 

30 [1507] A 500 ml glass autoclave was purged with nitrogen, and 250 ml of decane was placed in the autoclave. 
Nitrogen in the autoclave was replaced with propylene. With flowing propylene and stirring, the temperature in the 
autoclave was raised to 100*'C, and 5 mmol of triethylaluminum, 0.5 mmol of cyclohexylmethyldimethoxysilane and 
0.1 mmol-TI In terms of titanium atom of the solid titanium catalyst component were added in this order. With controlling 
the flow rate of propylene to prevent unreacled gas from flowing out from a bubbling lube connected to a purge line 

35 and to prevent the pressure in the reactor from reducing, the polymerization was conducted at 1 0O'C for 1 hr. Propylene 
in the autoclave was replaced with nitrogen. 

[Hydroxylation in terminal position] 

^ [1508] With maintaining the above slurry of the polymer at lOO^'C and passing dried air passed through molecular 
sieve at a rate of 200 liters/hr, the reaction was conducted at the same temperature for 5 hr. After completion of the 
reaction, the slurry was poured into a mixture of 2 liters of methanol and 2 liters of acetone and was allowed to stand 
still overnight. The fibrous polymer adhered to the agitating blade was discarded. 

[1509] A small amount of hydrochloric acid was added to the slurry given after standing, and the slurry was filtered 
45 to obtain a white polymer. 

[1510] The obtained polymer was washed with methanol and then was dried under reduced pressure at 80°C for 1 0 
hr. The yield of the obtained polymer was 2.5 g. According to ^^C-NMR analysis, it was confirmed that 52 mol% of one 
side of terminal positions of the polymer molecule had hydroxyl group. According to the measurement by gel permeation 
chromatography (GPC), the weight-average molecular weight (Mw) was 1 70,000. and Mw/Mn was 11 .2. 

50 

[Lithiation in tenninal position] 

[1511] 30 ml of toluene was added to 2.5 g of the above polypropylene having a hydroxyl group, and 1 ml of a hexane 
solution of n-butyllithium of 1 .6 M was added. The solution was stirred at room temperature for 24 hr. The slurry given 
55 after the reaction was cooled to •20'>C, and the polypropylene filtered off was washed several times with toluene, while 
cooling at -20*'C. According to ^H-NMR analysis, it was confirmed that the terminal position of the polymer molecule 
was lithiated. 
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[Anionic polymerization] 

[1512] 30 ml of benzene and 30 ml of methylmethacrylate (MMA) were added to 2.0 g of the obtained polypropylene, 
whicli had lithium in the terminal position. The reaction was conducted at 20''C for 100 hr with stirhng by a magnetic 
s stirrer. Methanol was added to temninate the reaction. The polymer was thoroughly washed with hexane and then was 
dried under reduced pressure at 45'' C. 

[1513] The conversion of MMA was 10.5%, and the triad tacticity of the poly-MMA segment of the obtained block 
copolymer was 77%. According to ^^C-NMR analysis, it was confinmed that the obtained block copolymer was a block 
copolymer such that polypropylene linked with poly-MMA via oxygen of an ether linkage. 

10 

Example 20 

[Anionic polymerization] 

IS [1514] 30 ml of benzene. 28.9 ml of methylmethacrylate (MMA) and 1 .6 ml of 2-mGthoxyethylmethacrylate (referred 
to as MEMA) were added to 2.0 g of the polypropylene which had lithium in the terminal position obtained in the same 
manner as in Example 19. The reaction was conducted at 20';C for 100 hr with stirring them by a magnetic stirrer. 
Methanol was added to terminate the reaction. The polymer was thoroughly washed with hexane and was dried under 
reduced pressure at 45''C. 

20 [1515] The conversions of MMA and MEMA were 5.1% and 7.1%, respectively. According to ^^C-NMR analysis, It 
was confirmed that the obtained block copolymer was a block copolymer such that polypropylene linked with MMA/ 
MEMA copolymer via oxygen of an ether linkage. 

Example 21 

25 

[Preactivation of catalyst] 

[1516] 0.023 mmol in terms of titanium atom of [(N-t-butylamido)(tetramethyl-T|S-cyclopentadienyl) dimethylsilane) 
titanium dtchloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
30 0.092 mmol in terms of boron atom of triphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An ap- 
propriate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A 
catalyst solution was prepared at a titanium concentration of 0.00046 mmol/ml. 

[Polymerization of olefin] 

35 

[1517] 750 ml of purified heptane and 1 75 ml of purified 1-octene were placed in a 2-llter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to 60*»C, and 0.375 mmol of triisobulylaluminum and 0.000375 mmol in terms of titanium atom 
of the above catalyst solution were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. 

40 After the initiation of the polymerization, only ethylene was supplied. The polymerization was conducted for 60 min 
with maintaining at a pressure of 0.9 MPa and a temperature of 25°C. After the elapse of a prescribed time, isopropanol 
(I PA) was added to temninate the reaction. After decompression, the polymer solution was taken out and was poured 
into 4 liters of methanol. The solution was stirred thoroughly. The solid product was collected by filtration and was 
washed with methanol. The solid product was dried in flowing nitrogen at 120°C and 500 mmHg for 12 hr. 

4S [1518] The yield of the obtained ethylene/octene random copolymer (EOR) was 24.1 g. The catalytic activity was 64 
kg/mmol-Ti-hr. As a result of IB analysis of the copolymer, the octene content was 34.2 mol%, and it was confirmed 
that there was an unsaturated bond in the terminal position of the polymer molecule. Mw was 212,400. 

[Hydroboratlon] 

so 

[1519] In a dry box filled with argon, 20 g of the copolymer of EOR, which had an unsaturated bond in the terminal 
position, was suspended in 100 ml of degassed and dried tetrahydrofuran (THF), and the suspension was placed in a 
glass flask with a magnetic stirrer. 1 .5 ml of a THF solution of 9-borabicyclo[3.3.1 Jnonane (9-BBN) (0.5 N) was added 
to the suspension. In the dry box, the slurry was stirred at 55''C for 5 hr and then was filtered. The filter cake was 
ss washed with degassed and dried IPA and was dried under reduced pressure, and an ethylene/octene random copol- 
ymer having boron In the terminal position (EOR-B) was obtained. 
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[Me* h ylmethacrylate] 

[isr^uj 20 g of the copolymer of EOR-B was placed in a sealed flask and was suspended by the addition of 7.2 g of 
dried methylnr^ethacrylate (MiVlA) and 80 ml of THF. 1 .0 ml of dried oxygen was blown through to Initiate the reaction, 

5 followed by stirring at room temperature for 2 hr. 100 ml of methanol was added to terminate the reaction. The precip- 
itated polymer was extracted with a mixed solvent of acetone and heptane by the Soxhell extractor in a nitrogen at- 
mosphere over a period of 24 hr to obtain an insoluble diblock copolymer of (ethylene/octene random copolymer)-0- 
polymethylmethacrylate (referred to as EORO-PMMA MFR measured at 230^C: 0.5 g/10 min). 
[1521] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the polymethylmeth- 

10 acrylate (PMMA) moiety, which was estimated according to the following equation, was 5.000. 

IVIW2= Mw^ .(W2-W^)A/V^ 

15 wherein: 

Mwi is a weight-average molecular weight of the EOR moiety, 
Mw2 is a weight-average molecular weight of the PMMA moiety. 

is an amount of the copolymer of EOR-B used In the polymerization of MMA, and 
20 W2 is an yield of the diblock copolymer 

Example 22 

[Preparation of catalyst solution] 

25 

[1522] Methylalumrnoxane and diphenylsilyleneb!s(2,7-dimethyl-4-isopropyllndenyl)zirconiumdichloride were mixed 
in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium was 
0.00011 mmol/liter and the molar ratio of aluminum to zirconium (Al/Zr)was 350. The solution was preactivated by 
stirring for 15 min to prepare a catalyst solution. 

30 

[Polymerization] 

[1 523] 400 ml of purified toluene was placed In a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 1 00 liters per hour With stirring at 600 revolutions per minute, a solution in the reactor 

35 was maintained at 45'*C for 1 0 min. 1 9.4 mg in terms of aluminum atom of triisobutylaluminum was added. 0.36 mg in 
terms of zirconium atom of the above catalyst solution was added, and the temperature in the reactor was raised to 
50°C. The polymerization was conducted at SO^'C and ordinary pressure for 20 min. A small amount of isopropanol 
was added to temninate the polymerization. After completion of the polymerization, the reaction solution was poured 
into 2 liters of a methanol solution of dilute hydrochloric acid to precipitate a polymer. The polymer was washed twice 

40 with methanol, and then the obtained polymer was dried under reduced pressure at 80°C overnight. 

[1524] The yield of the obtained polypropylene (PP) was 21 .8 g. The catalytic activity was 16.4 kg/mmol-Zr*h. The 
melting point (Tm) measured by DSC was 149.1 <*C. Mw measured by GPC was 106,000. As a result of IR analysis, it 
was confirmed that there was an unsaturated bond In the terminal position of the polymer molecule. 

43 [Hydroboration] 

[1525] In a dry box filled with argon, 20 g of the above polymer of PP. whrch had an unsaturated bond in the temninal 
position, was suspended in 1 00 ml of degassed and dried TMF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 3.0 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the sluny was 
so stirred at 55*^0 for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
under reduced pressure, and polypropylene having boron in the terminal position (PP-B) was obtained. 

[Polymerization of butylacrylate] 

55 [1526] 20 g of the polymer of PP-B was placed In a sealed flask and was suspended by the addition of 18.5 g of 
dried butylacrylate (BA) and 80 ml of THF. 1 .9 ml of dried oxygen was blown through to initiate the reaction, followed 
by stirring at room temperature for 5 hr. 100 ml of methanol was added to terminate the reaction. The precipitated 
polymer was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere 
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over a period of 24 hr to obtain an insoluble diblock copolymer of polypropylene-O-polybutylacrylate (PP-O-PBA, MFR 
measured at 230''C: 100 g/10 min). 

[1527] With respect to the diblock copolymer the weight-average molecular weight (MW2) of the potybutylacrylate 
(PBA) moiety, which was estimated according to the following equation, was 10,000. 

5 

Mw2 = MWi .(W2-Wi)/W, 

wherein: 

10 

Mw^ is a weight-average molecular weight of the PP moiety. 
Mw2 is a weight-average molecular weight of the PBA moiety, 

is an amount of the polymer of PP-B used in the polymerization of BA, and 
W2 is an yield of the diblock copolymer. 

15 

Example 23 

[1528] 40 g of the diblock copolymer (EOR-O-PMMA) polymerized in Example 21 , 40 g of an atiphatk: petroleum 
resin (trade name: Hi-rez T-500X, available from Mitsui Chemicals Inc.) as an adhesion-imparting resin and 20 g of 

20 Sasol wax (trade name: SasoF*^ H1 , imported by S. Kato & Co.) as a low-molecular-welght polyolefin were blended 
and were kneaded by a labo plastomill at ISO^'C for 15 min to prepare a hot-melt adhesive composition. 
[1529] The obtained hot-melt adhesive composition was applied onto aluminum foils (50 ^im thick) in a thickness of 
25 ^m, and then the each coated surfaces were attached to the other. Heat sealing was conducted under the conditions 
of an upper bar temperature of 120*'C, a lower bar temperature of 120''C, an pressure of 3 kg/cm^ and a heating time 

25 of 10 sec. The laminate was cut in a width of 25 mm to prepare a specimen. The specimen was used for T-peel test 
at a measuring temperature of 23®C to measure (at a tensile speed of 300 mm/min) the adhesive strength (in accord- 
ance with JIS K6864). 

[1530] Further, in the same manner as described above, the hot-melt adhesive composition was applied onto alu- 
minum foils, and the each coated surfaces were attached to the other in a width of 1 0 mm. Heat sealing was conducted 

30 under the same conditions as described above, and then the laminate was cut in a width of 25 mm to prepare a 
specimen. Both sides of the specimen were individually pinched with Jigs. One side was fixed, and another side was 
exerted a load of 500 g by hanging a weight. The atmospheric temperature was raised at a rate of 25'*C/hr. and the 
temperature was measured when the weight fell to measure the thermal- resistant creep characteristic. Figure 1 shows 
the schematic diagram of the method to measure the thermal -resistant creep characteristic. In the figure, "1 " indicates 

35 a specimen, "2" and shaded area indicate heat-sealed part, "4" and "5" indicate jigs and "7" indicates a weight. The 
results are shown in Table 4. 

Example 24 

40 [1531] In the same manner as in Example 23. a hot-melt adhesive composition was prepared, and the adhesive 
strength and the thomnal-resistant creep characteristic were measured, except that the block copolymer (PP-O-PBA) 
obtained in Example 22 was used as a base polymer. The results are shown In Table 4. 



Table 4 





Example 23 


Example 24 


Adhesive strength (g/25 mm) 


650 


600 


Thermal-resistant creep characteristic 


115-C 


130*^0 



Example 25 

[Preactivation of catalyst] 

[1532] 10.0 mg of bis(1.3-dimethylcyclopentadienyl) zirconium dichlorlde was weighed and placed in a glass flask 
purged thoroughly with nitrogen, and a toluene solution of 1 7,2 mmol in terms of aluminum atom of methylaluminoxane 
was added thereto. The solution was sonicated at 23*'C for 15 min. An appropriate amount of toluene was added to 
the solution, and a total amount of 50 ml of the solution was obtained. This solution was used as a catalyst solution. 
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[Copolymerization of ethylene/norbornene) 

[1533] In a nitrogen atmosphere at room temperature, 600 ml of a cyclohexane solution containing 20 g of norbornene 
was placed in a 1 -liter stainless steel autoclave purged thoroughly with nitrogen. 0.6 mmol of triisobutylalumlnum was 

s added, and nitrogen In the autoclave was replaced with ethylene. The inside of the autoclave was pressurized with 
ethylene, and then the temperature in the autoclave was raised so that the temperature and the pressure in the auto- 
clave were ZO^'C and 0.7 MPa, respectively. 12.8 ml of the above catalyst solution was forced into the autoclave with 
pressurized nitrogen to initiate the polymerization. After the initiation of the polymerization, with supplying only ethylene, 
the polymerization was conducted at a pressure of 0.7 MPa and a temperature of 70**C for 5 min. After 5 min from the 

10 initiation of the polymerization, 5 ml of isopropanol was forced into the autoclave with pressurized nitrogen to tenminate 
the polymerization. After decompression, the polymer solution was taken out. With vigorously agitating by a homomixer, 
the polymer solution was brought into contact with an aqueous solution adding 5 ml of concentrated hydrochloric acid 
based on 1 liter of water at a ratio of 1 to 1 , and the catalyst residue was passed into the water phase. The contacted 
mixed solution was allowed to stand still, and then the water phase was removed. The polymer solution was washed 

15 twice with water to purify the same, and the phase of the polymer solution was separated. The purified and separated 
polymer solution was allowed to contact with acetone, which was three times as much as the polymer solution, with 
vigorously agitating. After the precipitation of the copolymer, the solid product (copolymer) was collected by filtration 
and was thoroughly washed with acetone. To extract unreacted norbornene remaining in the polymer, the solid product 
was put in acetone so as to be a concentration of 40 g/liter, and the extraction was conducted at 60°C for 2 hr. After 

20 the extraction, the solid product was collected by filtration and was dried under reduced pressure in flowing nitrogen 
at lao^C and 350 mmHg for 12 hr. 

[1534] The yield of the obtained ethylene/norbornene random copolymer (referred to as P(Et/NBR)) was 25.7 g. 
Thus, the catalytic activity was 41 .8 kg/mmoi-Zrhr. As a result of IR analysis, the norbornene content was 8.5 mol%, 
and it was confirmed that there was an unsaturated bond in the tenninal position of the polymer molecule. According 
25 to the measurement by GPC, Mw was 140,000. 

[Hydroboration] 

[1535] In a dry box filled with argon, 20 g of the copolymer of P(Et/NBR), which had an unsaturated bond in the 
30 terminal position, was suspended in 100 ml of degassed and dried THF. and the suspension was placed in a glass 
flask with a magnetic stirrer 2.3 ml of a tetrahydrofuran (THF) solution of 9-borablcyclo [3.3,1 Jnonane (9-BBN) (0.5M) 
was added to the suspension, in the dry box, the slurry was stirred at 55**C for 5 hr and then was filtered. The filter 
cake was washed with degassed and dried isopropanol (IPA) and was dried under reduced pressure, and an ethylene/ 
norbornene random copolymer having boron in the terminal position (P(Et/NBR)-B) was obtained. 

35 

[Polymerization of styrene] 

[1536] 20 g of the copolymer of P(Et/NBR)-B was placed in a sealed flask and was suspended by the addition of 
11 .4 g of dried styrene (St) and 80 ml of THF. 1 .5 ml of dried oxygen was blown through to initiate the reaction, followed 
40 by stining at room temperature for 14 hr. 100 ml of methanol was added to terminate the reaction. The precipitated 
polymer was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period of 
24 hrto obtain an insoluble diblock copolymer of (ethylene/norbornene random copolymer)-0-polystyrene (referred to 
as P(El/NBR).0-PSt). 

[1537] With respect to the diblock copolymer, the weight-average molecular weight (MW2) of the polystyrene (PSt) 
45 moiety, which was estimated according to the following equation, was 5.000. 

MW2 = Mwi.(W2-Wi)/Wi 

50 wherein: 

Mw^ is a weight-average molecular weight of the P(Et/NBR) moiety. 
Mw2 is a weight-average molecular weight of the PSt moiety, 

Wi is an amount of the copolymer of P(Et/NBR)-B used In the polymerization of styrene, and 
55 W2 is an yield of the diblock copolymer. 
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Example 26 

[Copolymerization of ethylene/propylene/triene] 

5 [1538] In a nitrogen atmosphere at room temperature. 651 ml of purified heptane. 24 ml of 4.8-dlmethyl-1 .4.8-dec- 
atriene (referred lo as DMDT). a heptane solution of 0.75 mmol in terms of aluminum atom of triisobutylaluminum and 
a toluene solution of 0.021 mmol in temns of boron atom of lnphenylcarbeniumtetrakis(pentafluorophenyl)borate were 
placed in a 2-lit6r stainless steel autoclave purged thoroughly with nitrogen. 

[1 539] After the addition of 9 liters of propylene, the temperature in the autoclave was raised. When the temperature 
10 went up to 60°C, the inside of the autoclave was pressurized to 0.9 MPa by supplying ethylene. When the temperature 
and the pressure in the autoclave went up to 70<»C and 0.9 MPa, respectively, a toluene solution of 0.00105 mmol in 
terms of titanium atom of [(N-t-butylamido)(tGtramGthyl-T|5-cyclop©ntadienyl) dimethylsilanejtitanium dichloride was 
forced into the autoclave with pressurized nitrogen to initiate the polymerization. The polymerization was conducted 
for 30 min with maintaining at a pressure of 0.9 MPa and a temperature of 70*^0. After 30 min from the initiation of the 
15 polymerization, 50 ml of methanol was added to terminate the polymerization. After cooling and decompression, the 
polymer solution was taken out. The polymer solution poured into about 3 liters of methanol to precipitate the polymer. 
The polymer was cut by a mixer and then was washed with about 2 liters of methanol by a mixer. The polymer was 
dried under reduced pressure in flowing nitrogen at 100*C and 400 mmHg for 12 hr. 

[1540] The yield of the obtained ethylene/propylene/triene copolymer (EPT) was 31 .6 g. Thus, the catalytic activity 
20 was 60.2 kg/mmol-Ti-hr. As a result of IR analysis, the contents of ethylene and DMDT were 69 mol% and 3 mol%, 
respectively. Mw was 1 80.200. 

[Hydroboration] 

25 [1541] In a dry box filled with argon, 20 g of the copolymer of EPT was suspended in 100 ml of degassed and dried 
THF, and the suspension was placed in a glass flask with a magnetic stirrer. 1 .8 ml of a THF solution of 9-BBN (0.5 
M) was added to the suspension. In the dry box, the slurry was stirred at 55°C for 5 hr and then was filtered. The filter 
cake was washed with degassed and dried IPA and was dried under reduced pressure, and an ethylene/propylene/ 
triene copolymer having boron in the lenninal position (EPT-B) was obtained. 

30 

[Polymerization of methylmethacrylate] 

[1542] 20 g of the copolymer of EPT-B was placed In a sealed flask and was suspended by the addition of 8.5 g of 
dried methylmethacrylate (MMA) and 80 ml of THF. 1.1 ml of dried oxygen was blown through to initiate the reaction, 
55 followed by stirring at room temperature for 2 hr. 100 ml of methanol was added to tenminate the reaction. The precip- 
itated polymer was extracted with a mixed soh^ent of acetone and heptane by the Soxhelt extractor in a nitrogen at- 
mosphere over a period of 24 hr to obtain an insoluble diblock copolymer of (ethylene/propylene/triene copolymer)-0- 
polymethylmethacrylate (referred to as EPT-O-PMMA). 

[1543] With respect to the diblock copolymer, the weight-average molecular weight (MW2) of the polymethylmeth- 
^ acrylate (PMMA) moiety, which was estimated according to the following equation, was 5,000. 

Mw2 = Mwv(W2-W^)/Wi 

^ wherein: 

Mwi is a weight-average molecular weight of the EPT moiety. 
Mw2 is a weight*average molecular weight of the PMMA moiety, 
Wi is an amount of the copolymer of EPT-B used in the polymerization of MMA, and 
so Wg is an yield of the diblock copolymer. 

Example 27 

[1544] 100 parts of the diblock copolymer (P(Et/NBR)-0-PSt) polymerized in Example 25. 200 parts of magnesium 
S5 hydroxide, 1 0 parts of calcium stearate and 3 parts of titanium white were blended and were kneaded by an open roll 
(front roll/back roll: 1 20/1 20^*0 and 1 6/1 8 rpm) to obtain a blend. The blend was press molded into specimens at 200*C. 
With respect to the specimen, the kneading properties, the surface hardness, the heat resistance and the mar resistance 
were evaluated as follows. The results are shown in Table 5. 
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10 



IS 



20 



25 



30 



35 



Kneading properties 

[1545] Rating: 

AA: a specimen capable of being kneaded without a problem 
BB: a specimen adherent to roils and incapable of peeling 

CC: a specimen non-adherent to rolls and incapable of being kneaded thoroughly 
TMA (penetration temperature: heat resistance) 

[1546] The penetration temperature was measured by the use of a penetrator of 1.8 mm in diameter under the 
conditions of a load of 2 kg/cm^ and a temperature rise rate of S^'C/min. 

Surface hardness 

[1547] The surface hardness was measured in accordance with ASTM D676. 
Mar resistance 

[1548] By the Martens scratch hardness tester manufactured by Tokyo Koki Co., Ltd.. a scratching indenter exerted 
a load of 20 g scratched the specimen 3 mm thick. The resulting scratch width was measured, and the reciprocal of 
the scratch width was cak^ulated. 

Comparative Example 4 

[1549] In the same manner as in Example 27. specimens were prepared, except that ethylene/butene random co- 
polymer (ethylene content: 88 mol%; density: 885 kg/m^; Mw: 155,000; and Mw/Mn: 1 .87) was used. With respect to 
the specimen, the kneading properties, the surface hardness, the heat resistance and the mar resistance were eval- 
uated in the same manner as in Example 27. The results are shown in Table 5. 

Table 5 





Example 27 


Comp. Ex. 4 


Kneading properties 


AA 


BB 


TMA (°C) 


110 


80 


Shore hardness 


75 


90 


Martens hardness (1/mm) 


18 


9 



40 



45 



SO 



55 



The specimen using the diblock copolymer according to the present Invention was excellent in heat resistance, flexibility, 
mar resistance and kneading properties. 

Example 28 

[1550] The diblock copolymer (EPT-O-PMMA) polymerized in Example 26, zinc oxide, stearic acid, FEF carbon 
black, naphthenic oil, a vulcanizing accelerator and sulfur were blended according to Table 6 and were kneaded by an 
open roll (front roll/back roll: 70/70°C and 16/18 rpm) to obtain an unvulcanized compounded rubber. 
[1551] The obtained unvulcanized compounded rubber was heated for 20 min by a press heated at 1 60<*C to prepare 
a vutoanized sheet. With the respect to the sheet, the following tests were conducted. The results are shown in Table 6. 

Tensile test 

[1 552] The tensile strength (referred to as TB) and elongation (referred to as EB) were measured in accordance with 
JISK6301. 
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Hardness test 

[1553] The hardness (JIS A) (referred to as HS) was measured in accordance with JIS K6301 . 
Ozone resistance test 

[1554] 02one resistance test was conducted in a bath for ozone test under the static conditions of an ozone con- 
centration of 80 ppm, an extension of 80%. a temperature of 40*^0 and a time of 96 hr. The ozone resistance was 
evaluated by the degree of deterioration of the surface in accordance with the scales in JIS K6301. The degree of 
deterioration of the surface was scaled as follows, for example, was Indicated as "C-S". 

(the number of ozone crack) 

[1555] 

A: a small number of the crack 
B: a large number of the crack 
C: uncountable cracks 

(the size and the depth of ozone crack) 

[1556] 

1 : cracks invisible but detemiinable by using a loupe magnifying 10 diameters 
2: vistbie cracks 

3: deep and comparatively large cracks (less than 1 mm) 

4 : deep and large cracks (1 mm or above^ and less than 3 mm) 

5: cracks of a size of 3 mm or above, or the specimen likely to be rent 

Vibration-damping properties 

[1557] The dynamic viscoelasticity was measured by RDSII manufactured by Rheometric Scientific RE. Ltd. at a 
frequency of 2.5 rad/sec and a temperature of 25''C to measure a damping factor (tan6). The specimen having a large 
value of tan6 is excellent in vibration-damping properties. 

Comparative Example 5 

[1558] In the same manner as in Example 28, a vulcanized sheet was prepared, and the tests were conducted, 
except that ethylene/propylene/5-ethylldene-2-norbornene copolymer (ethylene/propylene (molar ratio): 68/32; intrin- 
sic viscosity (t)]: 1 .7 dl/g; and iodine value: 12) was used instead of the diblock copolymer (EPT-O-PMMA) obtained 
in Example 26, and that the blending amounts of various constituents were altered as described in Table 6. The results 
are shown in Table 6. 



Table 6 





Example 28 


Comp, Ex. 5 


Constituents (part by weight) 


the copolymer 


100 


100 


carbon black 


40 


60 


naphthenic oil 


50 


50 


zinc oxide 


5 


5 


stearic acid 


1 


1 


sulfur 


2.5 


2.5 


vulcanizing accelerator 






CBS 


1.5 




MBT 




3.0 
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Table 6 (continued) 



10 



15 



20 





Example 28 


Comp. Ex. 5 


Constituents (part by weight) 


ZnBDC 




1.5 


TMTD 




0.75 


Properties 


TB(MPa) 


16 


12 


EB (%) 


430 


540 


HS (JIS A) 


63 


54 


Ozone resistance 


A'1 


A-1 


tan5 


0.76 


0.18 


wherein: 






CBS is N-cyclohexyl-2-benzothiazole sulfena- 


mide; 






MBT is 2-mercaptobenzothiazol; 




ZnBDC is zinc di-n-butyldithiocarbamate; and 


MTD is tetramethylthiuramdisulfide 





25 



30 



35 



40 



45 



50 



55 



Example 29 

[Preactivation of catalyst component] 

[1559] Methylaluminoxane and dimethylsilyienebis(2-ethyl-4-phenylindenyl) zirconium dichloride were mixed in tol- 
uene so that the concentration of zirconium was 0.00011 mmol/liter and the molar ratio of aluminum to zirconium was 
350. The solution was preactivated by stirring for 15 min. 

[Polymerization] 

[1560] 400 ml of purified toluene was placed In a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 1 00 titers per hour. With stirring at 600 revolutions per minute, a solution in the reactor 
was maintained at 45''C for 10 min. 3.9 mg in temis of aluminum atom of triisobutytaluminum was added. 0.073 mg in 
tenms of zirconium atom of the preactivated catalyst solution was added. The polymerization was conducted at 50**C 
and ordinary pressure for 5 min. A small amount of isopropanol was added to tenmlnate the polymerization. 
[1561] After completion of the polymerization, the reaction solution was poured Into 2 liters of a methanol solution 
of dilute hydrochloric acid to precipitate a polymer (polypropylene). The polymer was washed twice with methanol, and 
then the obtained polymer was dried under reduced pressure at 80°C overnight. The yield of the obtained polypropylene 
was 14.1 g. The catalytic activity was 212 kg/mmol-Zr-hr. As a result of i^C-NMR analysis, the meso-pentad fraction 
(mmmm) of the polypropylene was 97.8%. Mw measured by GPC was 133,000. As a result of IR analysis, it was 
confimied that there was an unsaturated bond in the temiinal position of the polymer molecule. 

[Hydroboration] 

[1562] In a dry box filled with argon, 20 g of the above polymer (Mw = 133,000). which had an unsaturated bond in 
the temriinal position, was suspended In 100 ml of degassed and dried tetrahydrofuran (THF), and the suspension was 
placed In a glass flask with a magnetic stirrer. 2.4 ml of a THF solution of 9'BBN (0.5 M) was added to the suspension. 
In the dry box, the slurry was stirred at 55'' C for 5 hr and then was filtered. The filter cake was washed with degassed 
and dried isopropanol (I PA) and was dried under reduced pressure, and polypropylene having boron in the terminal 
position (PP-B) was obtained. 

[Polymerization of methylmethacrylate] 

[1 563] 20 g of the obtained polymer of PP-B was placed in a seated flask and was suspended by the addition of 1 1 .5 
g of dried methytmethacrylate (MMA) and 80 ml of THF. 1 .6 ml of dried oxygen was blown through to initiate the reaction, 
followed by stirring at room temperature for 8 hr. 1 00 ml of methanol was added to terminate the reaction. The precip- 
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itated polymer was extracted with acetone and heptane by the Soxhett extractor in a nitrogen atmosphere over a period 
of 24 hr to obtain an insoluble dibtock copolymer of polypropylene-O-polymethylmethacrylate (PPO-PMMA). 
[1564] With respect to the obtained polymer, the weight-average molecular weight (MW2) of the polymethylmethacr- 
ylate (PMMA) moiety, which was estimated according to the following equation, was 20,000. 

5 

Mw2 = Mw, .(W2-W,)/Wi 

wherein: 

10 

is a weight-average molecular weight of the PP moiety, 
Mwg is a weight-average molecular weight of the PMMA moiety, 

is an amount of the polymer of PP-B used in the polymerization of MMA. and 
W2 is an yield of the diblock copolymer. 

15 

Example 30 

[Preparation of solid catalyst component) 

20 [1 565] 3.0 g of silica dried at 250*'C for 1 0 hr was suspended in 50 ml of toluene, and then the suspension was cooled 
to O^C. 1 7.8 ml of a toluene solution of methylalumlnoxane (Al = 1 .29 mmol/ml) was added dropwise to the suspension 
over a period of 30 min with maintaining at 0**C, followed by reacting at O^^C for 30 min. The temperature was raised 
to 95'C over a period of 30 min, and the reaction was conducted for 4 hr at the same temperature. The temperature 
was lowered to SO^'C, and the supernatant liquid was removed by decantation. 

25 [1566] The obtained solid component was washed twice with toluene and then was resuspended in 50 ml of toluene. 
1 1 .1 ml of a toluene solution of bis(1 -n-butyl-3-methylcyclopentadienyl)zirconium dichloride (Zr = 0.01 03 mmol/ml) was 
added dropwise to the suspension at 20^C over a period of 30 min. The temperature in the reactor was raised to SO^'C, 
and the reaction was conducted for 2 hr at the same temperature. The supernatant liquid was removed, and the pre- 
cipitate was washed twice with hexane to obtain a solid catalyst. The obtained catalyst included 2.3 mg of zirconium 

30 based on 1 g of the solid catalyst. 

[Preparation of prepolymerlzed catalyst] 

[1567] 4 g of the obtained solid catalyst was resuspended in 400 ml of hexane. 5.0 ml of a decane solution of tri- 
35 isobutylaluminum (1 mmol/ml) and 0.36 g of 1-hexene were added to the suspension, and the prepolymerlzation of 
ethylene was conducted at SS'^C for 2 hr. After the removal of the supematant liquid, the precipitate was washed three 
times with hexane to obtain a prepolymerlzed catalyst Including 2.2 mg of zirconium and with 3 g of polyethylene which 
was prepolymerized, based on 1 g of the solid catalyst. 

40 [Polymerization of olefin] 

[1568] 1 liter of dehydrated and purified heptane was placed In a 2-liter stainless steel autoclave purged thoroughly 
with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the autoclave was raised 
to eO^C, and 1 .5 mmol of trilsobutylaluminum and 0.91 mg in terms of zirconium atom of the prepolymerized catalyst 

45 were added. Ethylene was fed to Initiate the polymerization at a pressure of 0.9 MPa. Thereafter, with supplying only 
ethylene, the polymerization was conducted at a pressure of 0.9 MPa and a temperature of 80**C for 1 .6 hr. 
[1569] After completion of the polymerization, the polymer was filtered off and was dried at 80**C overnight. The yield 
of the obtained polymer was 1 06 g. In the above polymerization, the catalytic activity based on a zirconium atom was 
11 kg/mmol-Zr. The obtained polymer had MFR of 0.08 g/10 min, a density of 0.96 g/cm^ and Mw of 183,000. As a 

50 result of IR analysis, it was confimied that there was an unsaturated bond in the temnlnal position of the polymer 
molecule. 

[Hydroboration] 

55 [1570] In a dry box filled with argon. 20 g of the above polymer (Mw = 1 83,000), which had an unsaturated bond in 
the terminal position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stin-er. 1 .8 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, 
the slurry was stirred at 55'*C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA 
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and was dried under reduced pressure, and honr^opolyethylene having boron in the terminal position (refen-ed to as 
MDPE-B) was obtained. 

[Polymerization of methylmethacrylatel 

[1571 J 20 g of Ihe oblained polymer of HDPE-B was placed in a sealed flask and was suspended by the addition of 
8.4 g of dried MM A and 80 ml of THF. 1.1 ml of dried oxygen was blown through to initiate the reaction, followed by 
stirring at room temperature for 4 hr. 1 00 ml of methanol was added to terminate the reaction. The precipitated polymer 
was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period of 24 hr to 
obtain an insoluble diblock copolymer of poIyethylene-O-polymethylmethacrylate (referred to as HDPE-O-PMMA). 
[1572] With respect to the obtained polymer, the weight-average molecular weight (MW2) of the polymethylmethacr- 
ylate (PMMA) moiety, which was estimated according to the following equation, was 10,000. 



,3 Mwg = Mw^ . (W2-W^)/Wi 

wherein: 

Mwi is a weight-average molecular weight of the HOPE moiety, 
20 Mw2 is a weight-average molecular weight of the PMMA moiety, 

Wi is an amount of the polymer of HDPE-B used in the polymerization of MM A, and 
W2 is an yield of the diblock copolymer. 

Example 31 

25 

[1573] 0.023 mmol in temis of titanium atom of [(N-t-butylamido)(tetramethyl-T|5-cyclopentadienyl) dimethylsilane] 
titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.092 mmol in temns of boron atom of triphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An ap- 
propriate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A 
50 catalyst solution was prepared in a titanium concentration of 0.00046 mmol/ml. 

[Polymerization of olefin] 

[1574] 750 ml of purified heptane and 1 75 ml of purified 1 -octene were placed in a 2-liler stainless steel autoclave 
55 purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 

autoclave was raised to 60**C, and 0.375 mmol of triisobutylaluminum and 0.000375 mmol In terms of titanium atom 

of the preactlvated catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. 

Thereafter, only ethylene was supplied. The polymerization was conducted for 60 min with maintaining at a pressure 

of 0.9 MPa and a temperature of 25°C. After the elapse of prescribed time, isopropanol was added to tenninate the 
40 reaction . After decompression , the polymer solution was taken out and was poured into 4 liters of methanol. The solution 

was stirred thoroughly. The solid product was collected by filtration and was washed with methanol. The solid product 

was dried in flowing nitrogen at 120*>C and 500 mmHg for 12 hr. 

[1575] The yield of the obtained copolymer was 24.1 g. The catalytic activity was 64 kg/mmol-Ti-hr. As a result of IR 
analysis of the ethylene/octene copolymer, the contents of ethylene and octene were 65.8 mol% and 34.2 mol%. 
^ respectively, and it was confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. 
Mw was 212,400. 

[Hydroboratlon] 

50 [1576] In a dry box filled with argon, 20 g of the above polymer (Mw = 212,400). which had an unsaturated bond in 
the temriinal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stirrer. 1 .5 ml of a THF solution of 9-borabicyclo[3.3.1]nonane (9-BBN) (0.5M) was added to the 
suspension. In the dry box, the slurry was stirred at 55**C for 5 hr and then was filtered. The filter cake was washed 
with degassed and dried IPA and was dried under reduced pressure, and an ethylene/octene copolymer having boron 

55 In the terminal position (referred to as EOR-B) was obtained. 
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[Polymerization of methytmethacryiate] 

[1577] 20 g of the copolymer of EOR-B was placed in a sealed flask and was suspended by the addition of 7.2 g of 
dried MMA and 80 ml of THF. 1 o ml of dried oxygen was blown through to initiate the reaction, followed by stirring at 
5 room temperature for 11 hr. lOO ml of methanol was added to temiinate the reaction. The precipitated polymer was 
extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period of 24 hr to obtain 
an insoluble diblock copolymer of (ethylene/oclene rubber)'0-polymethylmethacrylate (referred to as EOR-O-PMMA). 
[1578] The weight-average molecular weight (MW2) of the polymethylmethacrylate (PMMA) moiety, which was esti- 
mated according to the following equation, was 25,000. 

to 

MW2 = MWi.(W2-W^)/Wi 

wherein: 

15 

Mwi is a weight-average molecular weight of the EOR moiety, 

Mw2 is a weight-average molecular weight of the PMMA mpiety. 

Wi is an amount of the copolymer of EOR-B used in the polymerization of MMA, and 

W2 is an yield of the diblock copolymer 

20 

Example 32 

[Preactivation of catalyst] 

25 [1579] 10.0 mg of bis(1 .3-dimethylcyclopentadienyl) zirconium dichloride was weighed and placed in a glass flask 
purged thoroughly with nitrogen, and a toluene solution of 1 7.2 mmol in temns of aluminum atom of methylaluminoxane 

was added thereto. The solution was sonicated at 23''C for 15 min. An appropriate amount of toluene was added to 
the solution, and a total amount of 50 ml of the solution was obtained. This solution was used as a catalyst solution. 

30 [Copolymerization of ethylene/norbornene] 

[1 580] In a nitrogen atmosphere at room temperature, 600 ml of a cyclohexane solution containing 20 g of norbornene 
was placed in a 1 -liter stainless steel autoclave purged thoroughly with nitrogen. 

[1581] 0.6 mmol of Iriisobulylaluminum was added, and nitrogen in the autoclave was replaced with ethylene. The 

35 inside of the autoclave was pressurized with ethylene, and then the temperature in the autoclave was raised so that 
the temperature and the pressure in the autoclave were 70»C and 0.7MPa, respectively. 1 2.8 ml of the prepared catalyst 
solution was forced into the autoclave with pressurized nitrogen to initiate the polymerization . Thereafter, with supplying 
only ethylene, the polymerization was conducted at a pressure of 0.7 MPa and a temperature of 70*C for 5 min. 
[1582] After 5 min from the initiation of the polymerization, 5 ml of isopropanol was forced into the autoclave with 

^ pressurized nitrogen to terminate the polymerization. 

[1583] After decompression, the polymer solution was taken out. With vigorously agitating by a homomixer, the pol- 
ymer solution was brought into contact with an aqueous solution prepared by adding 5 ml of concentrated hydrochloric 
acid based on 1 liter of water at a ratio of 1 to 1 , and the catalyst residue was passed into the water phase. The 
contacted mixed solution was allowed to stand still, and then the water phase was removed. The polymer solution was 

^ washed twice with water to purify the same, and the phase of the polymer solution was separated. 

[1584] The purified and separated polymer solution was allowed to contact with acetone, which was three times as 
much as the polymer solution, with vigorously agitating. After the precipitation of the copolymer, the solid product 
(copolymer) was collected by filtration and was thoroughly washed with acetone. To extract unreacted norbornene 
remained In the polymer, the solid product was put in acetone so as to be a concentration of 40 g/llter, and the extraction 

50 was conducted at 60*C for 2 hr. After the extraction, the solid product was collected by filtration and was dried under 
reduced pressure in flowing nitrogen at 130°C and 350 mmHg for 12 hr. 

[1585] The yield of the obtained ethylene/norbornene copolymer (P(Et/NBR)) was 25.7 g. Thus, the catalytic activity 
was 41 .8 kg/mmol-Zr hr. As a result of IR analysis, the contents of ethylene and nort3ornene were 91 .6 mol% and 8.5 
mol%, respectively^ and it was confirmed that there was an unsaturated bond in the temiinal position of the polymer 
55 molecule. According to the measurement by GPC. Mw was 1 40,000. 
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[Hydroboration] 

[1586] In a dry box filled with argon, 20 g of the above polymer (Mw = 1 40,000), which had an unsaturated bond in 
the terminal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass 
5 flask with a magnetic stirrer 2.3 ml of a THF solution of 9-BBN (0.5 IVl) was added to the suspension. In the dry box, 
the slurry was stirred at SS^'C for 5 hr and then was filtered. The filler cake was washed with degassed and dried IPA 
and was dried under reduced pressure, and an ethylene/norbornene copolymer having boron in the terminal position 
(P(Et/NBR)'B) was obtained. 

10 [Polynr^rization of methybnethecrylate] 

[1587] 20 g of the copolymer of P(Et/NBR)-B was placed in a sealed flask and was suspended by the addition of 
11 .0 g of dried MMA and 80 ml of THF. 1.5 ml of dried oxygen was blown through to initiate the reaction, followed by 
stirring at room temperature for 21 hr. 1 00 ml of methanol was added to terminate the reaction. The precipitated polymer 
15 was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period of 24 hr to 
obtain an insoluble diblock copolymer of (ethylene/norbornene copolymer)-0-polymethylmethacrylate (referred to as 
P(Et/NBR)-0-PMMA). 

[1 588] With respect to the polymer the weight-average molecular weight (Mw^) of the polymethylmethacrylate (PM- 
MA) moiety, which was estimated according to the following equation, was 50,000. 

20 

Mw2 = Nw^.(W2-W^)/W^ 

wherein: 

25 

Mw^ is a weight-average molecular weight of the P(Et/NBR) moiety, 
Mwg is a weight-average molecular weight of the PMMA moiety, 

is an amount of the copolymer of P(Et/NBR)-B used in the polymerization of MMA, and 
W2 is an yield of the diblock copolymer 

30 

[1589] In Examples 33 to 37, the various properties were measured as follows. 
Hardness (JIS A) 

^ [1590] The hardness (JIS A) was measured in accordance with JIS K7215. 
Modulus in tension 

[1591] The modulus in tension was measured at a span of 30 mm, a tensile speed of 30 mm/min and a temperature 
40 of 23*^0 by the use of JIS No.3 dumbbell shape in accordance with JIS K6301 . 

Flexural modulus (FM) 

[1592] The flexural modulus was measured at a span of 51 mm and a flexure speed of 20 mm/min by the use of the 
45 specimen an eighth inch thick in accordance with ASTM D790. 

l2od impact strength (IZ) 

[1593] The Izod impact strength was measured at 23*^0 by the use of the specimen (post-notch) a quarter Inch thick 
50 in accordance with ASTM D256. 

Rockwell hardness (HR) 

[1594] The Rockwell hardness was measured by the use of a square plate 2 mm thick, 120 mm long and 130 mm 
55 Wide in accordance with ASTM D785. 
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Oil resistance 

[1595] The change (AV) in the volume of a specimen given between before and after immersion in JIS No.3 oil at 
SO^'C for 336 hr was measured in accordance with JIS K6258. 

5 

Pencil hardness 

[1596] The pencil hardness was measured at 23**C by the use of the specimen an eighth inch thick in accordance 
with JIS K5401 . 

10 

Heat distortion temperature (HPT) 

[1597] The heat distortion temperature was measured by the use of the specimen a quarter inch thick in accordance 
with ASTM D648 (at a load of 4.6 kg/cm2). 

15 

Martens hardness 

[1598] By the Martens scratch hardness tester manufactured by Tokyo Koki Co., Ltd., a scratching indenter exerted 
a load of 20 g scratched the specimen 3 mm thick. The resulting scratch width was measured, and the reciprocal of 
20 the scratch width was cak;ulated. 

Example 33 

[1599] The diblock copolymer (PP-O-PMMA) obtained in Example 29 was molded by a 55t injection press (IS55EPN, 
25 manufactured by Toshiba Machine Co., Ltd.) at a cylinder temperature of 200°C and a mold temperature of 40*>C. 
[1600] The moldings had a flexural modulus (FM) of 2330 MPa, a surface hardness (HR) of 115, a heat distortion 
temperature (HOT) of 135*C and a pencil hardness of -H". 

Example 34 

30 

[1601] The diblock copolymer (HDPE-O-PMMA) obtained in Example 30 was press molded at a press temperature 

of 200^0. 

[1602] The moldings had a flexural modulus (FM) of 1300 MPa, a heat distortion temperature (HDT) of lOO'^C and 
an oil resistance (AV) of 0%. 

35 

Example 35 

[1603] The diblock copolymer (EOR-O-PMMA) obtained in Example 31 was press molded at a press temperature 

of 200*>C. 

^ [1604] The moldings had a modulus in tension of 10 MPa and a hardness (JIS A) of 60. 
Example 36 

[1605] 80 parts by weight of the block copolymer (HDPE-O-PMMA) obtained in Example 30 and 20 parts by weight 
^5 of the block copolymer (EOR-O-PMMA obtained in Example 31 were melt kneaded and then were molded by a 55t 
injection press (IS55EPN. manufactured by Toshiba Machine Co., Ltd.) at a cylinder temperature of 200''C and a mold 
temperature of 40'C. 

[1606] The moldings had a flexural modulus (FM) of 1400 MPa, an impact strength (IZ) of 400 J/m and a surface 
hardness (HR) of 85. 

50 

Example 37 

[1607] 0.1 part by weight of PH25B (available from NOF Corp.) and 0.2 part by weight of divinylbenzene were added 
to 100 parts by weight of the diblock copolymer (P(Et/NBR)-0-PMMA) obtained In Example 32 and were ffnpregnated 
55 byarollmillat40*'C. 

[1608] The obtained composition was press molded at a press temperature of 200**C. 

[1609] The moldings had a modulus in tension of 50 MPa, a Martens hardness of 30 and a penetration temperature 
of 85 •C. 
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Example 38 

[Preactivation of catalystj 

5 [1610] 0.23 mmol in terms of zirconium atom of bis(tetramethyl-Ti5.cyclopentadlenyl)dimethyl2lrconlum was weighed 
and placed In a glass flask purged thoroughly with nitrogen, and a toluene solution of 0.92 mmol in terms of boron 
atom of tris(pentafluorophenyl)borane was added thereto. An appropriate amount of toluene was added to the mixed 
solution, and a total amount of 50 ml of the solution was obtained. A catalyst solution was prepared in a zirconium 
concentration of 0.0046 mmol/ml. 

10 

[Polymerization of olefin] 

[1 611 ] 225 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
was passed through at a rate of 200 liters per hour. With stirring at 600 revolutions per minute, a solution in the reactor 

15 was maintained at 45°C for 1 0 min. 7.5 mmol in terms of aluminum atom of trlisobutylaluminum was added. 6.0 mmol 
of 9-BBN was added, and then 0.075 mmol in terms of zirconium atom of the preactivated catalyst solution was added. 
The polymerization was conducted at 50*C and ordinary pressure for 5 min. A small amount of absolute methanol was 
added to temninate the polymerization. After completion of the polymerization, the polymer was washed with absolute 
THF. The obtained polymer was dried under reduced pressure at SO^C overnight. The obtained polymer was 1 .4 g of 

20 polyethylene. The catalytic activity was 224 g/mmol-Zrh. 

[Confirmation of molecular weight and terminal position of the polymer] 

[1612] 1.0 g of the obtained polymer was added to 25 ml of absolute THF. In a nitrogen atmosphere at room tem- 
25 perature. a solution prepared by dissolving 0.2 g of NaOH in 1 ml of water and 0.25 ml of methanol were added to the 
THF solution. 0.8 ml of 30% H2O2 was added dropwise at 0*^0. The reaction was conducted at 40''C for 6 hr, and then 
the reaction solution was poured into 2 liters of a methanol solution to precipitate a polymer. The obtained polymer 
was refluxed with 50 ml of methanol for 2 hr and then was dried under reduced pressure at 50^0 for 8 hr. Mw determined 
by GPC analysis was 1 4,800. As a result of IR analysis, it was confirmed that a terminal position of the polymer molecule 
30 was modified by a hydroxyl group so that there was no unsaturated bond in the temiinal position. Thus. It was confirmed 
that the terminal position of the polymer obtained in the section of [polymerization of olefin) was modified by boron. 

[Polymerization of butylacrylate] 

35 [1613] 10 g of the homopolyethylene (HDPE-B) obtained by the polymerization of olefin, which had boron in the 
terminal position, was placed in a sealed flask and was resuspended by the addition of 66.2 g of dried BA (butylacrylate) 
and 60 ml of THF. 7.0 ml of dried oxygen was blown through to initiate the reaction, followed by stirring at room tem- 
perature for 156 hr. 100 ml of methanol was added to terminate the reaction. The precipitated polymer was extracted 
with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period of 24 hr to obtain an insoluble 

40 diblock copolymer of potyethylene-O -poly butylacrylate (referred to as HDPE-O-PBA). The weight-average molecular 
weight (MW2} of the polybutylacrylate (PBA) moiety, which was estimated according to the following equation, was 
300.000. 

^ MWg = Mw^ . (W2-Wi)/Mw^ 

wherein: 

Mw., is a weight-average molecular weight of the HOPE moiety. 
50 Mw2 is a weight-average molecular weight of the PBA moiety, 

is an amount of the polymer of HDPE-B used in the polymerization of BA, and 
W2 is an yield of the diblock copolymer. 

Example 39 

55 

[Preactivation of catalyst component] 

[1614] Methylaluminoxane and dimethylsilylenebls(2-ethyl-4-phenyllndenyl) zirconium dichloride were mixed in tol- 
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uene (an appropriate amount of toluene may be optionalty added) so that the concentration of zirconium was 0.00011 
mmol/Iiter and the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stirring for 15 min. 

[Polymerization] 

5 

[1615] 400 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stirring at 600 revolutions per minute, a solution in the reactor 
was maintained at 45^*0 for 10 min. 3.9 mg in terms of aluminum atom of triisobutylalumlnum was added. 0.073 mg in 
terms of zirconium atom of the preactivated catalyst solution was added. The polymerization was conducted at 50*^C 

10 and ordinary pressure for 5 min. A small amount of isopropanol was added to terminate the polymerization. After 
completion of the polymerization, the reaction solution was poured into 2 liters of a methanol solution of dilute hydro- 
chloric acid to precipitate a polymer. The polymer was washed twice with methanol, and then the obtained polymer 
was dried under reduced pressure at SO^'C overnight. The yield of the obtained polypropylene was 1 4.1 g. The catalytic 
activity was 212 kg/mmol-Zrh. As a result of ^^C-NMR analysis, the meso-pentad fraction (mmmm) of the polypropyl- 

15 ene was 97.8%. Mw measured by GPC was 133,000. As a result of IR analysis, it was confinned that there was an 
unsaturated bond in the terminal position of the polymer molecule. 

[Hydroboration] 

20 [1616] In a dry box filled with argon, 20 g of the above polymer (Mw = 133,000), which had an unsaturated bond in 
the tenminal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stirrer. 2.4 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box. 
the slurry was stirred at 55**C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA 
and was dried under reduced pressure, and polypropylene (PP) having boron in the terminal position was obtained. 

25 

[Polymerization of methylmethacrylate| 

[1617] 20 g of the above polymer of PP having boron in the terminal position was placed in a sealed flask and was 
suspended by the addition of 11 .5 g of dried MMA (methylmethacrylate) and 80 ml of THF. 1 .6 ml of dried oxygen was 
30 blown through to initiate the reaction, followed by stirring at room temperature for 4 hr. 1 00 ml of methanol was added 
to temiinate the reaction. The precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor 
in a nitrogen atmosphere over a period of 24 hr to obtain an insoluble diblock copolymer of polypropylene-O-polymeth- 
yimethacrylate (PP-O-PMMA). 

[1618] The obtained diblock copolymer had MFR (measured at 230**C) of 20 g/10 min, a molecular weight of the 
35 polypropylene segment of 150,000, an mmmm of 0.98, Mw/Mn of 4.3 and a molecular weight of the PMMA moiety of 
10,000. 

Example 40 

40 [1619] The diblock copolymer (P(Et/NBR)-0-PSt) prepared in Example 1 was molded by press molding and tube 
extrusion into specimens of wire tube at 200«C. With respect to the specimen, TM A, the Shore hardness, the Martens 
hardness, the repeated impulse and the dielectric breakdown voltage were measured as follows. The results are shown 
in Table 7. 

45 TMA (penetration temperature: heat resistance) 

[1620] The penetration temperature was measured by the use of a penetrator of 1.8 mm in diameter under the 
conditions of a load of 2 kg/cm^ and a temperature rise rate of 5**C/min. 

50 Surface hardness 

[1621] The surface hardness was measured in accordance with ASTM D676. 

Mar resistance (Martens hardness) 

55 

[1622] A diamond indenter exerted a load of 20 g marred the press molded specimen. The scratch width was meas- 
ured, and the Martens hardness was determined by the reciprocal of the scratch width. 
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Repeated impulse 

[1623] To prepare a testingcable, an innerconductor layer comprising a single-wire of 1 mm in diameterwas sheathed 
with an insulating layer (1 .5 mm thick) of the testing copolymer. With respect to the cable, lightening impulse test 
(impressed a voltage of 100 kV for 5 min) was conducted. 

Dielectric breakdown voltage 



10 



[1624] The breakdown voltage was measured by the use of the pressed sheet 1 mm thick at 25^*0 in accordance 
with ASTM D149. 



IS 



20 



25 



30 



Comparative Example 6 

[1625] Specimens were prepared in the same manner as in Example 40, except that an ethylene/butene copolymer 

(ethylene content: 88 mol%; density: 885 kg/m^; Mw: 155.000; and Mw/Mn: 1.87) was used instead of the diblock 
copolymer (P(Et/NBR)-0-PSt). With respect to the obtained specimen, the tests were conducted in the same manner 
as in Example 40. The results are shown in Table 7. 

Table 7 





Example 40 


Comp. Ex. 6 


Sample 


diblock copolymer (P(Et/NBR)-0-PSt) 


ethylene/butene copolymer 


TMA (*>C) 


110 


80 


Shore hardness 


73 


88 


Martens hardness (1/mm) 


19 


9 


Repeated impulse (ratio of the breakdown 
frequency) 


9 


3 


Dielectric breakdown voltage (kV/mm) 


62 


58 



[1626] As can be seen from Table 7, the wire tube of the diblock copolymer A was excellent in all of heat resistance, 
flexibility, mar resistance, repeated impulse and dielectric breakdown voltage with respect to the tube specimen. 

55 Example 41 

[1627] 2 mol% of metal salt of Group la of the Periodic Table (LIN(CF3S02)2) based on the isobutylacrylate segment 
and 0.3% by weight of PerloyI L (available from NOP Corp.) based on the diblock copolymer were added to the diblock 
copolymer (HDPE-O-PBA) obtained in Example 38. The mixture was melt kneaded by an open roll (front roll/back roll: 
^ 120/120**C and 16/18 rpm) to obtain a blend. The blend was press molded into a specimen for a solid polyelectrolyte 
in an inert gas atmosphere at 140'>C. 

[1628] The specimen for the solid polyelectrolyte was punched in a disk of 1 0 mm in diameter. The disk was jammed 
between electrodes fitted in the holders for conductometry. With maintaining the electrodes at 25°C by using a Peltier 
element, the complex impedance was measured (at a voltage of 10 mV) by an impedance analyzer (HP4285A) to 
determine the ionic conductivity analytically. 

[1629] The ionic conductivity was so good as to be 8.9 x 10-^ (S/cm). 



45 



50 



55 



Example 42 

[1630] The diblock copolymer (PP-O-PM MA) prepared in Example 39 was press molded into specimens for a housing 
at 200''C. With respect to the specimen, the ionic conductance measured In the same manner as in Example 41 was 
so good as to be 8.9x1 0-^ (S/cm). 

[1631] With respect to the specimen, the flexural modulus (FM), the Rockwell hardness (HR). the pencil hardness 
and the heat distortion temperature (HOT) were measured as follows. The results are shown in Table 8. 
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Flexural modulus (FM) 

[1 632] The flexural modulus was measured at a span of 30 mm and a flexure speed of 20 mnn/min by the use of the 
specimen 1 mm thick in accordance with ASTM C790. 

5 

Rockwell hardness (HR) 

[1633] The Rockwell hardness was measured by the use of two-ply pressed sheets 1 mm thick respectively in ac- 
cordance with ASTM D785. 

10 

Pencil hardness 

[1634] The pencil hardness was measured at 23^*0 by the use of the specimen 1 mm thick in accordance with JIS 
K5401. 

15 

Heat distortion temperature (HPT) 

[1635] The heat distortion temperature was measured by the use of a pressed sheet 3 mm thick in accordance with 
ASTM D848 (at a load of 4.6 kg/cm^). 

20 

Comparative example 7 

[1636] Tests were conducted in the same manner as in Example 42, except that polypropylene (MFR (measured at 
230''C]: 20 g/10 min; molecular weight: 200,000; mmmm: 0.98; and Mw/Mn: 4.3) was used instead of the diblock 
25 copolymer (PP-O-PMMA). The results are shown in Table 8. 



Table 8 



30 





Example 42 


Comp. Ex. 7 


Sample 


diblock copolymer (PP-O-PMMA) 


polypropylene 


FM (MPa) 


2500 


1800 


HR (M-scale) 


55 


35 


Pencil hardness 


2H 


HB 


HDT (»C) 


138 


123 



[1637] As can be seen from Table 8. the housing of the diblock copolymer (PP-O-PMMA) was excellent in hardness, 
rigidity and heat resistance. The block copolymer was excellent in affinity with inorgank: fillers. 

40 

Example 43 

[Preactivation of catalyst] 

^ [1 638] [(N-l-butylamido) (tetramethyl-Ti5-cyclopentadienyl)dimethylsilane)titanium dichloride (0.023 mmol in temns of 
titanium atom) was placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of triphenylmethyl- 
pentakis(pentafluorophenyl) borate (0.69 mmol in terms of boron atom) was added thereto. An appropriate amount of 
toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst solution was 
prepared in a titanium concentration of 0.00046 mmol/ml. 

so 

[Polymerization of olefin) 

[1639] 750 ml of purified heptane and 35 ml of purified 1-octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
55 autoclave was raised to 60^C, and 0.375 mmol of triisobutylaluminum and the preactivated catalyst (0.00075 mmol in 
terms of titanium atom) were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 M Pa. Thereafter, 
only ethylene was supplied. During the polymerization, the operation such that the supply of ethylene was stopped 
and thereby the temperature dropped to about 70^C was carried out twice to prevent the temperature from rising rapidly. 
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The polymerization was conducted at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to SS^C for 6 min. Isopro- 
panot was added to terminate the polymerization. After decompression, the solution containing the polymer was taken 
out and was poured into 4 liters of methanol. The solution was stirred thoroughly. The solid product in the methanol 
was collected by filtration and was washed with methanol. The solid product was dried in flowing nitrogen at ^20°C 
5 and 500 mmHg for 1 2 hr. 

[1640] The yield of the obtained ethytene/octene copolymer (referred to as EOR) was 66.0 g. The catalytic activity 
was 880 kg/mmol-Ti-h. 

[1641] As a result of IR analysis, the octene content of the copolymer was 12.6 mol%, and it was confimned that 
there was an unsaturated bond in the terminal position of the polymer molecule. Mw was 132.400. 

10 

[Transformation in terminal position of the polymer] 

[1642] In a dry box filled with argon, 20 g of the above polymer (Mw = 1 32,400), which had an unsaturated bond in 
the temninal position, was suspended in 100 ml of degassed and dried tetrahydrofuran (THF), and the suspension was 
IS placed in a glass flask with a magnetic stirrer. 2.2 ml of a THF solution of 9-borabicyclo[3.3.1 ]nonane (9-BBN) (0.5 M) 
was added to the suspension. In the dry box, the slurry was stirred at 55°C for 5 hr, and then the obtained solution 
was filtered. The filter cake was washed with degassed and dried isopropanol (I PA) and was dried under reduced 
pressure. 

[1643] 10 g of the obtained polymer was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere at 
20 room temperature, 0.2 g of NaOH dissolved in 1 ml of water and 0.3 ml of methanol were added to the THF solution. 
0.8 ml of 30% HjOg was added dropwise at O^C. The reaction was conducted at 40°C for 6 hr with stirring the solution, 
and then the reaction solution was poured into 2 liters of a methanol solution to precipitate a polymer. The obtained 
polymer was refluxed with 100 ml of methanol for 2 hr and then was dried under reduced pressure at 50°C for 8 hr. 
As a result of IR analysis, it was confimned that a temiinal position of the polymer molecule was modified by a hydroxyl 
25 group so that there was no unsaturated bond in the terminal position. 

[Polymerization of ethylene oxide] 

[1644] 713 g of the above polymer having a hydroxyl group in the terminal position (referred to as EOR-OH) and 
30 31.0 mg of tetrakis[tris(dimethylamlno) phosphoranylideneaminolphosphonium hydroxide {(Me2N)3P=NJ4P+OH-} 
which was synthesized in the manner as described on page 32 in European Patent Publication No. 0791600 were 
placed in a 1500 ml autoclave equipped with a tube for a thermometer, a pressure gage, a stirrer and a inlet tube for 
ethylene oxide. Air In the autoclave was replaced with dried nitrogen, and the contents of the reactor were heated to 
a temperature of 125''C. The reaction was conducted at the same temperature for 12 hr with intermittently supplying 
35 30 g of ethylene oxide in order to maintain the pressure (absolute pressure) at about 0.5 MPa during the reaction. 
Residual unreacted ethylene oxide was distilled out under reduced pressure, and 738 g of a diblock copolymer was 
obtained. 

[1645] The obtained diblock copolymer was a diblock copolymer of EOR-0-(poly ethylene glycol) (referred to as 
EOR-O-PEG). MFR (measured at 230''C) was 1.1 g/10 min, the molecular weight of the ethylene/octene copolymer 
segment was 1 32.400, the octene content of the ethylene/octene copolymer segment was 1 2.6 mol% and the molecular 
weight of the polyethylene glycol segment was 5,000. The weight-average molecular weight (MW2) of the polyethylene 
glycol segment (PEG) was estimated according to the following equation. 

^ MW2 = Mw, . (Wg-W, )/Wi 

wherein: 

Mw, Is a weight- average molecular weight of the EOR moiety, 
50 Mw2 is a weight-average molecular weight of the PEG moiety, 

is an amount of the copolymer of EOR-OH used In the polymerization, and 
W2 is an yield of the diblock copolymer. 

Example 44 

55 

[Preactivatlon of catalyst component] 

[1646] Methylalumlnoxane and diphenylsilylenebls(2,7-dimethyl-4-isopropylindenyl)zlrcontum dichloride were mixed 
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in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium was 
0.00011 mmol/llter and the molar ratio of aluminum to zirconium was 350. The solution was preactivated by stirring for 
15 min. 

5 [Polymerization] 

[1 647] 400 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stirring at 600 revolutions per minute, a solution in the reactor 
was maintained at 45**C for 10 min. 19.4 mg in temns of aluminum atom of triisobutylaluminum was added. 0.36 mg in 

10 terms of zirconium atom of the preactivated catalyst solution was added, and the temperature in the reactor was raised 
to SO'C. The polymerization was conducted at 50*C and ordinary pressure for 20 min. A small amount of isopropanol 
was added to tenninate the polymerization. After completion of the polymerization, the reaction solution was poured 
into 2 liters of a methanol solution of dilute hydrochloric acid to precipitate a polymer. The polymer was washed twice 
with methanol, and then the obtained polymer was dried under reduced pressure at 80®C overnight. The yield of the 

15 obtained polypropylene was 21.8 g. The catalytic activity was 16.4 kg/mmol-Zr-h. The melting point (Tm) measured 
by DSC was MQ.I'^C. Mwmeasured by GPC was 106,000, As a result of IR analysis, it was confirmed that there was 
an unsaturated bond in the terminal position of the polymer molecule. 



20 



50 



55 



[Hydroboration] 



[1648] In a dry box filled with argon, 20 g of the above polymer (Mw = 1 06,000), which had an unsaturated bond in 
the temriinal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stirrer. 3.0 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, 
the slurry was stirred at 55*»C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA 
25 and was dried under reduced pressure, and polypropylene having boron in the terminal position (PP-B) was obtained. 

[Copolymerization of styrene/maleic anhydride] 

[1 649) 20 g of the polymer of PP-B was placed in a sealed flask and was suspended by the addition of 1 0 g of dried 
30 styrene (St), 1 0 g of maleic anhydride (MAH) and 80 ml of THF. 1 .9 ml of dried oxygen was blown through to Initiate 
the reaction , followed by stirring at 45''C for 5 hr. 1 00 ml of methanol was added to terminate the reaction. The precip- 
itated polymer was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period 
of 24 hr to obtain an insoluble block copolymer of PP-O -(styrene/maleic anhydride copolymer (P(St/MAH))). 
[1650] The obtained diblock copolymer (PP-0-P(St/MAH)) had MFR (measured at 230*^0) of 150 g/10 min, a mo- 
35 lecutar weight of the polypropylene segment of 1 00,000, Mw/Mn of 2.2, a molecular weight of the P(St/MAH ) segment 
of 5,000 and a MAH content of 0,3% by weight. The weight-average molecular weight (Mwg) of the P(St/MAH) moiety 
of the obtained block copolymer was 5,000, which was estimated according to the following equation. 

^ Mw2 = Mw, .(W2-Wi)/W, 

wherein: 

Mw^ is a weight-average molecular weight of the PP moiety, 
45 is a weight-average molecular weight of the P(St/MAH) moiety. 

is an amount of the polymer of PP-B used in the copolymerization of styrene/maleic anhydride, and 
W2 is an yield of the diblock copolymer. 



<Evaluation methods of properties of nonwoven fabrio 

[1651] The properties of the nonwoven fabrics obtained in Examples 46 and 46, and Comparative Example 8 were 
evaluated by the following methods. 

Tensile properties 

[1652] In accordance with JIS LI 906, with respect to the specimen 25 mm wide, tensile test was conducted by a 
tensile tester at room temperature, a distance between grips of 1 00 mm and a tensile speed of 1 00 mm/min. The toads 
at various extensions, and the maximum tensile strength and elongation at break were determined. 



151 

BNSDOCID: <EP 1276670A1 J_> 



EP 1 275 670 A1 



Permanent strain under tension 

[1653] In the same manner as in the tensile test, the specimen 25 mm wide was held at a distance between grips 
of 100 mm by a tensile tester and was elongated to a extension of 50% or 100% at room temperature and a tensile 

9 speed of 1 00 mnn/min. The specimen was returned at the same speed, and the permanent strain was determined by 
the extension at a stress of zero. 

Intertaminar strength 

10 [1654] With respect to part of the laminate of the nonwoven fabric cut in a strip of 25 mm wide, the nonwoven fabric 
layer was previously peeled off the film layer in the longer direction from the edge of the laminate. The both peeled 
layers were fitted on jigs of a tester (MODEL 2005, manufactured by INTESCO Co., Ltd.) at a distance between chucks 
of 50 mm so as to form the shape of 'T". The peeling was conducted under the conditions of a peel angle of ISC' and 
a peel rate of 1 00 mnn/mln to measure the each intertaminar peel strength, and the intertaminar strength was determined 

15 by the peel strength. 

Water vapor permeability 

[1655] The water vapor pemieability was measured in accordance with the cup method in JIS Z0208. Water vapor 
20 was allowed to penneate through a sample with a water vapor permeation area of 25 cm^ or above from the atmosphere 
of a temperature of 40*^0 and a relative humidity of 90%. The amount of water vapor permeated for 24 hr was measured 
to convert into the amount based on 1 m^ of the sample. The atmosphere on the side of water vapor permeation had 
been dried with a hygroscopic agent. 

35 Water pressure resistance 

[1656] The resistance to water pressure was measured in accordance with Method A in JIS Li 072 (low-water pres- 
sure method). 4 pieces of the specimen of about 15 cm x 15 cm were cut out, and the specimen was fitted on a water 
pressure resistance tester (manufactured by Tester Sangyo Co., Ltd.) so that the surface of the specimen met to water. 
30 A water level apparatus wherein water of ordinary temperature was placed was elevated at a rate of 60±3 cm/min or 
10±0.5 cm/min to exert a water pressure on the surface of the specimen. A water level was measured when water 
began to leak from three spots on the opposite side of the specimen. The water pressure resistance was determined 
by the water pressure. 

55 Example 45 

[Production of spun bond nonwoven fabric] 

[1657] By the use of polypropytene/ethylene random copolymer which had a density of 0.90 g/cm^; MFR (measured 
40 at 230''C and a load of 2.16 kg in accordance with ASTM D1238) of 50 g/10 min; and an ethylene content of 4.7 mol%, 
and ethylene/1 -butene random copolymer which had a density of 0.948 g/cm^; MFR (measured at 190**C and a load 
of 2.16 kg in accordance with ASTM D1238) of 30 g/1 0 min; and a 1 -butene content of 4.0 mol%, the conjugated melt 
spinning was conducted. The concentric core-sheath type conjugated fibers, wherein the core and the sheath (ratio of 
core to sheath: 1/4 by weight) consisting essentially of the propylene/ethylene random copolymer and the ethylene/ 
45 1 -butene random copolymer, respectively, were deposited on a collection face to produce a spun bond nonwoven fabric 
of a base weight of 18 g/m^ (fineness of the composite fiber: 2.7d; tensile strength (MD): 1500 g/25 mm; and tensile 
strength (CD): 500 g/25 mm). 

[Fomiation of nonwoven fabric layer for porous material comprising adhesive resin] 

50 

[1658] TAFMERA (trade name, available from Mitsui Chemicals Inc.) and MIRASON 11 P (trade name, available from 
Du Pont-Mltsui Polychemical Co., Ltd.) were blended at a ratio of 92/8 by weight, and the blended resin was modified 
with maleic acid to obtain a modified material (MFR (measured at a temperature of 190**C and a load of 2.16 kg In 
accordance with ASTM D1238) was 28 g/1 0 min; and modification fraction by acid was 0.1% by weight.). 1 00 parts by 
55 weight of the modified material as an adhesive resin and 15 parts by weight of ARKON P125(trade name, available 
from Arakawa Chemical Industries. Ltd.) as a tackifier were blended. By an extnjder, the blend was melted and was 
extruded from a nozzle for melt blown spinning with blowing heated air at the outlet of the nozzle. The melt blown fibers 
of the adhesive resin were directly deposited on the obtained spun bond nonwoven fabric to prepare a sheet of a 
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laminate comprising the layer of the melt blown non woven fabric of a base weight of 5 g/m^ and the spun bond nonwoven 
fabric. 

[Extnjsion laminating] 

5 

[1659] The diblock copolymer (EOR-O-PEG) obtained in Example 43 was extruded by an extruder (pattern of extru- 
sion temperature: 1 70''C/200^C/200*'C) and was blown-film extruded into a diblock copolymer film of a base weight of 
30 g/m^ through a blown-film die (at a temperature of 220**C). On the other hand, the obtained laminated sheet com- 
prising the layer of melt blown nonwoven fabric and the spun bond nonwoven fabric was fed at 50 m/min, and a corona 
10 discharge treatment of the sheet was conducted at 30 W/m^. The laminated sheet was led between a nip roll (embossing 
roll; and fraction of embossing area: 7%) and a chill roll, and the laminated sheet comprising the layer of melt blown 
nonwoven fabric and the spun bond nonwoven fabric was laminated to the diblock copolymer film to obtain a nonwoven 
fabric laminate. The rolling conditions were a temperature of SO^'C. a speed of 50 m/min and a nip linear pressure of 
40 kg/cm. 

15 Interiaminar strength: 500 g/inch 

Water vapor permeability: 1500 g/cm2.day 

Water pressure resistance: more than 2000 mmAq 

Example 46 

20 

[Preparation of electret] 

[1660] The preparation of electret is described as follow with reference to Fig. 2. In Fig. 2, "1 *' indicates a measurement 
chamber, "2" indicates a specimen, "3" indicates a bismuth electrode, "4" indicates a supporting electrode, "5" Indicates 
25 a grid electrode. "6** indicates a temperature recorder, "7" indicates a change-over switch, "8" indicates a potentiometer, 
"9" indicates an ammeter, and "10" and "11" Indicate recorders. 

[Preparation of specimen] 

30 [1 661 ] The diblock copolymer (PP-0-P(St/M AH)) obtained in Example 44 was press molded into a film 30 ^m thick. 
A circular specimen of 25 mm in diameter cut out from the film, and a thin film of bismuth was metallized on a side of 
the specimen as an electrode. 

[Method of electrification] 

35 

[1 662] The specimen 2 (diblock copolymer (PP-0-P(St/MAH)) was fitted in the measurement chamber 1 of the meas- 
urement apparatus shown in Fig. 2, and a corona discharge was conducted in atmospheric pressure and room tem- 
perature for 3 min. In the process, the charged quantity (indicated as surface potential) of the specimen 2 was controlled 
by the grid voltage (500 V) impressed to the grid electrode 5 which was set at a height of about 2 mm over the film 
40 surface without the bismuth electrode 3. 

[Measurement of surface potential decay] 

[1663] With the charged specimen 2 fitted in the measurement chamber 1 shown in Fig. 2, the change-over switch 
45 7 was connected to the potentiometer 8, and the surface potential was measured at room temperature in an atmosphere. 
The used potentiometer 8 was a vibrating reed electrometer (TR-8411) manufactured by Advantest Corp., Ltd. The 
results of the surface potential decay are shown in Fig. 3. 

[Measurement of thermally stimulated current spectrum (referred to as TSC)] 

50 

[1664] The change-over switch 7 was tumed off and connected to the ammeter 9. With respect to the specimen give 
after the measurement of the surface potential, the temperature was raised at a rate of 3''C per minute from room 
temperature to a temperature in the vicinity of the melting temperature. TSC was measured by the contactless method. 
The ammeter 9 was a low-current electrometer (614 electrometer) manufactured by Keithley Instruments, Inc. The 
55 JSC spectrum Is shown In Fig. 4, and the peak temperature and strength ratio are shown in Table 9. 

[1665] According to the following results, it was confimned that the specimen including the diblock copolymer obtained 
in Example 44 had ability to hold an electric charge. 
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Comparative Example 8 

[1666] With respect to low-density polyethylene (MFR: 3 g/1 0 min; melting point: 11 rC; and density: 0.920 g/cm^) 
produced by the use of the Ziegler catalyst in the high-pressure process, the surface potential decay and JSC were 
measured in the same manner as in Example 46. The results of the surface potential decay is shown In Fig. 3, TSC 
spectrum is shown in Fig. 5, and the peak temperature is shown in Table 9. 



Table 9 





Sample resin 


Peak temperature of TSC spectrum 


Ratio of peak strength 
P1/P2 


Pi 


P2 


P3 


Example 46 


diblock copolymer 


55 


68 


152 


1.08 


Comp. Ex. 8 


low-density polyethylene 


39 









Example 47 



[Preparation of catalyst solution] 

20 

[1667] 10.0 mg of bis(1 ,3-dimethylcyclopentadienyl) zirconium dichloride was weighed and placed in a glass flask 
purged thoroughly with nitrogen, and a toluene solution of 1 7.2 mmol in terms of aluminum atom of methylaluminoxane 
was added thereto. The solution was sonicated at 23'C for 15 min. An appropriate amount of toluene was added to 
the solution, and a total amount of 50 ml of the solution was obtained. This solution was used as a catalyst solution. 

25 

[Copolymerizaiion of ethylene/norbornene] 

[1668] In a nitrogen atmosphere at room temperature. 600 ml of a cyclohexane solution containing 20 g of norbornene 
was placed in a 1 -liter stainless steel autoclave purged thoroughly with nitrogen. 0.6 mmol of triisobutylaluminum was 

30 added, and nitrogen in the autoclave was replaced with ethylene. The inside of the autoclave was pressurized with 
ethylene, and then the temperature In the autoclave was raised so that the temperature and the pressure in the auto- 
clave were 70^C and 0.7 MPa, respectively 12.8 ml of the above catalyst solution was forced into the autoclave with 
pressurized nitrogen to initiate the polymerization . After the initiation of the polymerization, with supplying only ethylene, 
the polymerization was conducted at a pressure of 0.7 MPa and a temperature of 70'*C for 5 min. After 5 min from the 

35 initiation of the polymerization, 5 ml of isopropanol (IPA) was forced into the autoclave with pressurized nitrogen to 
terminate the polymerization. After decompression, the polymer solution was taken out. With vigorously agitating by a 
homomixer, the polymer solution was brought into contact with an aqueous solution prepared by adding 5 ml of con- 
centrated hydrochloric acid based on 1 liter of water at a ratio of 1 to 1 , and the catalyst residue was passed into the 
water phase. The contacted mixed solution was allowed to stand still, and then the water phase was removed. The 

40 polymer solution was washed twice with water to purify the same, and the phase of the polymer solution was separated. 
The purified and separated polymer solution was allowed to contact with acetone, which was three times as much as 
the polymer solution, with vigorously agitating. After the precipitation of the copolymer, the solid product (copolymer) 
was collected by filtration and was thoroughly washed with acetone. To extract unreacted nortaomene remained in the 
polymer, the solid product was put in acetone so as to be a concentration of 40 g/liter, and the extraction was conducted 

45 at 60"C for 2 hr. After the extraction, the solid product was collected by filtration and was dried under reduced pressure 
in flowing nitrogen at 130**C and 350 mmHg for 12 hr. 

[1669] The yield of the obtained ethylene/norbomene random copolymer (P(Et/NBR)) was 25.7 g. Thus, the catalytic 
activity was 41 .8 kg/mmol-Zr-hr. As a result of IR analysis, the nortDomene content was 8.5 mol%, and it was confirmed 
that there was an unsaturated bond in the temninal position of the polymer molecule. According to the measurement 
so by GPC, Mw was 140,000. 

[Hydroboration] 

[1670] In a dry box filled with argon, 20 g of the above polymer (Mw = 1 40,000). which had an unsaturated bond in 
55 the terminal position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass 
flask with a magnetic stirrer. 2.3 ml of a THF solution of 9-borablcyclo[3.3.1]nonane (9-BBN) (0.5M) was added to the 
suspension. In the dry box, the slurry was stirred at SS^'C for 5 hr and then was fiftered. The filter cake was washed 
with degassed and dried IPA and was dried under reduced pressure, and an ethylene/norbornene copolymer having 
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boron in the terminal position (P(Et/NBR)-B) was obtained. 
[Polymerization of methylmethacrylate] 

5 [1671] 20 g of the copolymer of P(Et/NBR)-B was placed In a sealed flask and was suspended by the addition of 
11 .0 g of dried methylmelhacrylale (MMA) and 80 ml of THF. 1 .5 ml of dried oxygen was blown through to initiate the 
reaction, followed by stirring at room temperature for 4 hr. 100 ml of methanol was added to terminate the reaction. 
The precipitated polymer was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a 
nitrogen atmosphere over a period of 24 hr to obtain an Insoluble diblock copolymer of P(Et/NBR)-0-polymethyImeth- 

10 acrylate (P(Et/NBR)-0-PMMA). 

[1672] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the polymethylmeth- 
acrylate (PMMA) moiety, which was estimated according to the following equation, was 10,000. 



^5 Mwg = MWi.(W2-Wi)/W^ 

wherein: 

Mwi is a weight-average molecular weight of the P(Et/NBR) moiety. 
20 Mwg is a weight-average molecular weight of the PMMA moiety. 

Wi is an amount of the copolymer of P(Et/NBR)-B used in the polymerization of MMA. and 
is an yield of the diblock copolymer. 

Example 48 

25 

[Preparation of catalyst solution) 

[1673] 0.023 mmol In terms of titanium atom of [(N-t-butylamido)(tetramethyl-TiS-cyclopentadienyl) dimethylsilane] 
titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
30 0.14 mmol In terms of boron atom of triphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An appro- 
priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared in a titanium concentration of 0.00046 mmol/ml. 

[Polymerization of olefin] 

35 

[1674] 750 ml of purified heptane and 25 ml of purified 1-octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to 60''C, and 0.375 mmol of triisobutylaluminum and 0.00075 mmol in terms of titanium atom of 
the above catalyst solution were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. 

40 Thereafter, only ethylene was supplied. The polymerization was conducted for 20 min with maintaining at a pressure 
of 0.9 MPa and k temperature of 70®C. After the elapse of prescribed lime, isopropanol was added to terminate the 
reaction. After decompression, the polymer solution was taken out and was poured Into 4 liters of methanol. The solution 
was stirred thoroughly. The solid product was collected by filtration and was washed with methanol. The solid product 
was dried in flowing nitrogen at 120**C and 500 mmHg for 12 hr 

45 [1675] The yield of the obtained ethylene/octene random copolymer was 37.4 g. The catalytic activity was 150 kg/ 
mmol-Ti-h. As a result of IR analysis of the ethylene/octene random copolymer (EOR). the 1-octene content was 9.3 
mol%, and it was confirmed that there was an unsaturated bond in the tenninal position of the polymer molecule. The 
intrinsic viscosity lr\] measured at 135*'C in Decalln was 2.30 dl/g. Mw was 205,400. 

so [Hydroboration] 

[1676] In a dry box filled with argon, 20 g of the copolymer of EOR, which had an unsaturated bond in the temninal 
position, was suspended in 1 00 ml of degassed and dried THF. and the suspension was placed In a glass flask with a 
magnetic stirrer. 1 .6 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the sluny was 
ss stirred at 55''C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
under reduced pressure, and an ethylene/octene random copolymer having boron in the tenminal position (EOR-B) 
was obtained. 
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(Polymerization of methylmelhacrylate) 

[1677] 20 g of the copolymer of EOR-B was placed in a seated flask and was suspended by the addition of 7.5 g of 
dried MMA and 80 ml of THF. 1 .0 ml of dried oxygen was blown through to initiate the reaction, followed by stirring at 
5 room temperature for 4 hr. 100 ml of methanol was added to temiinate the reaction. The precipitated polymer was 
extracted with a mixed solvent of acetone and heptane by the Soxhell extractor in a nitrogen atmosphere over a period 
of 24 hr to obtain an insoluble diblock copolymer of EORO-polymethylmethacrylate (EOR-O-PMMA). 
[1 678] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the PMM A moiety, which 
was estimated according to the following equation, was 10.000. 

10 

Mw2 = Mw^ .(W2-W1VW, 

wherein: 

15 

Mw^ is a weight-average molecular weight of the EOR moiety, 
MW2 is a weight-average molecular weight of the PIVIMA moiety. 

is an amount of the copolymer of EOR-B used in the polymerization of MIVIA, and 
W2 is an yield of the diblock copolymer. 

20 

Example 4g 

[Preparation of catalyst solution] 

25 [1679] Methylaluminoxane and dimethylsilylenebis(2-i-butyl-4-naphthylindenyl)zirconium dichloride were mixed in 
toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium was 0.0001 1 
mmol/liter and the molar ratio of aluminum to zirconium (Al/Zr)was 350. The solution was preactlvated by stirring for 
15 min to prepare a catalyst solution. 

30 [PolymerizationJ 

[1680] 400 ml of purified toluene was placed In a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stirring at 600 revolutions per minute, a solution In the reactor 
was maintained al 45**C for 1 0 min. 9.71 mg in temis of aluminum atom of triisobutytaluminum was added. 0. 1 8 mg in 

35 terms of zirconium atom of the above catalyst solution was added. The polymerization was conducted at 50*^0 and 
ordinary pressure for 5 min. A small amount of isopropanol was added to terminate the polymerization. After completion 
of the polymerization, the reaction solution was poured into 2 liter of a methanol solution of dilute hydrochloric acid to 
precipitate a polymer. The polymer was washed twice with methanol, and then the obtained polymer was dried under 
reduced pressure at 80**C ovemight. 

-«> [1681] The yield of the obtained polypropylene (PP) was 11 .0 g. The catalytic activity was 66.0 kg/mmol-Zr hr The 
melting point (Tm) measured by DSC was 167.6**C. Mw measured by GPC was 220,000. As a result of IR analysis, it 
was confimied that there was an unsaturated bond in the temiinal position of the polymer molecule. The endothermic 
curve was measured by DSC to obtain the melting point (Tm), and the temperature at a maximum peak point was 
regarded as Tm. The melting point was measured as foliows. The sample was loaded into an aluminum pan, and the 

45 temperature was raised to 200*^0 at a rate of 1 00°C/mln. The temperature was maintained at 200°C for 5 min and then 
was lowered to -150*'C at a rate of 10°C/min. The melting point was detemiined by the endothermic curve obtained 
when the temperature was raised at a rate of lO'^C/min. 

[IHydroboration] 

50 

[1682] In a dry box filled with argon, 20 g of the above polypropylene, which had an unsaturated bond in the terminal 
position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 1 .5 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at 55''C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
55 under reduced pressure, and polypropylene having boron in the tenminal position (PP-B) was obtained. 
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[Potymerization of methytmethacrylate] 

[1683] 20 g of the polymer of PP-B was placed In a sealed flask and was suspended by the addition of 7.0 g of dried 
MMA and 80 nnl of THF. 0.9 nfil of dried oxygen was blown through to initiate the reaction, followed by stirring at room 
5 temperature for 4 hr. 100 ml of methanol was added to terminate the reaction. The precipitated polymer was extracted 
with a mixed solvent of acetone and heptane by the Soxhett extractor in a nitrogen atmosphere over a period of 24 hr 
to obtain an insoluble diblock copolymer of PP-O-polymethylmethacrylate (PP-O-PMMA). 

[1 684] With respect to the diblock copolymer, the weight-average molecular weight (Mw^) of the PMM A moiety, which 
was estimated according to the following equation, was 10,000. 

10 

MW2 = Mw^.(W2-Wi)/Wi 

wherein: 

IS 

Mw^ is a weight-average molecular weight of the PP moiety, 

Mwg is a weight-average molecular weight of the PMMA nnoiety, 

W, is an amount of the polymer of PP-B used in the polymerization of MMA. and 

Wg is an yield of the diblock copolymer. 

20 

[1685] In Examples 50 to 53, the various properties were measured as follows. 
Rockwell hardness (HR) 

25 [1686] The Rockwell hardness was measured by the use of a square plate 2 mm thick, 120 mm long and 130 mm 
wide in accordance with ASTM D785. 

Flexural modulus (FM) 

30 [1687] The flexural modulus was measured at a span of 51 mm and a flexure speed of 20 mm/min by the use of a 
specimen an eighth Inch thick in accordance with ASTM D790. 

Heat distortion temperature (HPT) 

55 [1688] The heat distortion temperature was measured by the use of a specimen a quarter inch thick in accordance 
with ASTM D648 (at a load of 4.6 kg/cm^). 

Adhesion testing 

40 [1689] Adhesion testing was conducted in accordance with JIS K6266. 
Vlscoelasticity (Tan6) 

[1690] A sheet 2 mm thick was prepared. Viscoelasticity test was conducted by a vlscoelasticity tester (Model RDS- 
^5 2) manufactured by Rheometric Scientific RE. Ltd. at a measurement temperature of 25'C. a frequency of 1 0 Hz and 
a strain of 1%, and the loss tangent was measured. 

Mar resistance 

50 [1 691 ] The appearance of the film given after scratching at 23'C was evaluated as follows. 

AA: Few scratches were observed. 

BB: Undistinguished scratches were observed. 

CC: Distinguished scratches were observed. 

55 

Appearance 

[1692] Non-unlfonmfty of the thickness of the weld was visibly observed and was evaluated by the following scales. 
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AA: Uniformity of the thickness was observed. 

BB: Few non-uniformities of the thickness were observed. 

CC: Non-unlfomnities of the thickness were observed slightly distlnguishedly. 

DD: Non-U nifomnitles of the thickness were observed very distinguishedty. 

5 

Printability 

[1693] Ink (available from Osaka Printing Inks Mfg. Co., Ltd, trade name: NRX) was applied to the surface of a 
specimen. A commercial cellophane adhesive tape (available from Nichiban Co.. Ltd.. trade name: Cellotape, 25 mm 
10 wide) was adhered to the printed surface at 50 mm long and was stripped off to evaluate the printability according to 
the following scales. 

[1694] Good printability: The ink was not peeled off from the sample film. 

[1695] Failed printability: The ink was peeled off from the sample film and was adhered to the cellophane adhesive 
tape. 

IS 

Example 50 

[1696] The diblock copolymer (P(Et/NBR) -O-PMMA) obtained in Example 47 was extruded by a single-screw ex- 
truder having a screw diameter of 30 mm at a die temperature of 230^0. a roll temperature of 40°C and a take-off 
20 speed of 5 m/min. and the extruder output was varied to obtain a cast film with a desired thickness. With respect to 
the film, the mar resistance was the evaluation of "AA", and the viscoelasticity (tan§) was 0.17. 

Example 51 

25 [1697] 100 parts by weight of the diblock copolymer (EOR-O-PMMA) prepared in Example 48, 0.7 part by weight of 
dicumylperoxide and 10 parts by weight azodicarbonamide (trade name: VINYFOR SE#30, available from Eiwa Chem- 
ical Ind. Co., Ltd.) were kneaded by a indoor mill (trade name: Labo plastomill) at 140*C for 5 min and then were 
crosslinked by a hot press at 160°C for 15 min to obtain a foam with a density of 0.086. 

[1698] A primer (trade name; UNISTOLE P802, available from Mitsui Chemicals Inc.) and a urethane adhesive (trade 
30 name: BONO ACE W-01 . available from Dongsung Chemical Co.. Ltd.) were applied to the foam and dried in order 
A sheet 3 mm thick of soft polyvinylchloride (trade name: Vtnychlon SI-2000, available from Plas Tech Corp.) was 
adhered to the foam. As a result of adhesion testing, a base breakage of the foam occurred. 

Example 52 

35 

[1699] The diblock copolymer (HDPE-O-PMMA) obtained in Example 30 was blow molded into a 200 ml bottle by a 
blow molding press at 180**C with mold water-chilling. The appearance and the mar resistance of the moldings were 
the evaluations of "AA" and "AA", respectively, and the printability was good. 

40 Example 53 

[1700] The diblock copolymer (PP-O-PMMA) obtained in Example 4g was molded by a 55t injection press (IS55EPN, 
manufactured by Toshiba Machine Co., Ltd.) at a cylinder temperature of 200°C and a mold temperature of 40**C. The 
obtained moldings had a flexural modulus (FM) of 1350 MPa, a hardness (HR) of 95 and a heat distortion temperature 

45 of 105''C. 

[1701] To evaluate the coating properties, an injection molded sheet 2 mm thick was used. A surface of the sheet 
was washed with a dishwashing detergent (trade name: Mama-Lemon, available from Kao Corp.). After washing with 
water and drying at 80*'C for 10 min, a primer (available from Nippon Bee Chemical Co., Ltd., trade name: RBI 50) 
was applied in a thickness of about 10 ^m and was dried at SO^'C for 10 min. Two-pack urethane metallic (available 
so from Nippon Bee Chemrcal Co., Ltd.. trade name: R212) was applied in a thickness of about 20 ^m, and two-pack 
urethane clear (available from Nippon Bee Chemical Co., Ltd., trade name: R213) was further applied in a thtekness 
of about 50 |im. The sheet was dried at 80'C for 45 min. 

[1702] The surface of the coated sheet was crosshatched by drawing 11 parallel lines at 2 mm inten^als and 11 
parallel lines perpendicular thereto at 2 mm intervals by using a single-edge razor to make 1 00 squares. A cellophane 
55 adhesive tape (JIS Z1522) was adhered to the crosshatched film with sufficient pressure and was rapidly stripped off 
upward. As a result of an observation of the squares, there was no peeling square on the surface. 



158 

BNSOOCID: <EP 1275670A1 J_> 



EP 1 275 670 A1 



Example 54 

[Preparation of catalyst solution] 

5 [1703] Methylaluminoxane and rac-dimethylsilylenebis(2-ethyl-4-naphthyllndenyl)2irconium dichloride were mixed 
in toluene (an appropriate amounl of toluene may be optionally added) so that the concentralion of zirconium was 
0.00011 mmol/liter and the molar ratio of aluminum to zirconium (Al/Zr)was 350. The solution was preacttvated by 
stirring for 15 min to prepare a catalyst solution. 

10 [Polymerization of olefin] 

[1704] 250 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
and propylene were passed through at rates of 80 liter per hour and 1 20 liter per hour, respectively. With stirring by 
using a magnetic stirrer at 600 revolutions per minute, a solution in the reactor was maintained at 45®C for 1 0 min. 6.7 

15 mg in terms of aluminum atom of triisobutylaluminum was placed in the reactor. 0.045 mg (0.0005 mmol) in terms of 
zirconium atom of the above catalyst solution was added. The polymerization was conducted at SO^'C and ordinary 
pressure for 20 min. A small amount of isopropanol (I PA) was aclded to temninate the polymerization. After completion 
of the polymerization, the reaction solution was poured into 2 liter of a methanol solution of dilute hydrochloric acid to 
precipitate a polymer. The precipitated polymer was washed twice with methanol, and then the obtained polymer was 

20 dried under reduced pressure at 130^*0 overnight. 

[1705] The yield of the obtained ethylene/propylene random copolymer (EPR) was 28.8 g. The catalytic activity was 
172.8 g/mmol-Zr hr As a result of IR analysis, the ethylene content was 81 .7 mol%, and it was confirmed that there 
was an unsaturated bond in the terminal position of the polymer molecule. Mw was 55,000. 

25 [Hydroboration] 

[1706] In a dry box filled with argon. 20 g of the copolymer of EPR was suspended in 100 ml of degassed and dried 
THF, and the suspension was placed in a glass flask with a magnetic stirrer 5.8 ml of a THF solution of 9-borabicyclo 
[3.3.1]nonane (9-BBN) (0.5 M) was added to the suspension. In the dry box. the sluny was stirred at 55'*C for 5 hr and 
30 then was filtered. The obtained filter cake was washed with degassed and dried I PA and was dried under reduced 
pressure, and a copolymer of EPR having boron in the temiinal position (EPR-B) was obtained. 

[Hydroxylatlon] 

S5 [1707] lOgof thecopolymerof EPR-B was suspended in 50 ml of degassed and dried THF. In a nitrogen atmosphere, 
2.3 ml of an aqueous solution containing 0.5 g of NaOH and 0.6 ml of methanol were added. The suspension was 
cooled to O^'C, and 1 .8 ml of H2O2 (30%) aqueous solution was added dropwise. The reaction was conducted at 40^*0 
for 6 hr, and then 100 ml of methanol was added to temiinate the reaction. The obtained polymer was filtered off. The 
obtained filter cake was heat-refluxed with 100 ml of methanol for 2 hr and then was filtered off again. The obtained 

40 filer cake was dried under reduced pressure at 50^*0 for 8 hr to obtain a copolymer of EPR having a hydroxyl group in 
the temiinal position (referred to as EPR-OH). 

[Polymerization of lactide] 

45 [1708] In a dry box, 3.5 g of the copolymer of EPR-OH was suspended in dried toluene. Excess n-butyllithium was 
added thereto, and the suspension was stirred for 12 hr The filtration and washing with toluene were repeated to obtain 
a copolymer of EPR having lithium oxide in the terminal position. The copolymer of EPR having lithium oxide in the 
terminal position was suspended in toluene. 3 equivalents of diethylaluminum chloride was added, and the reaction 
was conducted for 12 hr to obtain a copolymer of EPR having aluminum oxide in tennlnal position (referred to as 

50 EPR-0AIEt2). The copolymer of EPR-OAIEt2 was washed with toluene and hexane and was filtered off. The filter cake 
was resuspended in 80 ml of toluene. 156.2 g of purified lactide was added, and the reaction was conducted at room 
temperature for 64 hr 100 ml of methanol was added to terminate the reaction, and then the polymer was precipitated 
in acidic methanol. The wastes in the polymer were removed by extraction with acetone by the Soxhelt extractor to 
obtain a diblock copolymer of (ethylene/propylene random copolymer)*0-polylactide (referred to as EPR-O-PLa). 

55 [1709] With respect to the diblock copolymer, the weight-average molecular weight (MW2) of the polylactlde moiety, 
which was estimated according to the following equation, was 150,000. 
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wherein: 

5 

Mwi is a weight-average molecular weight of the EPR moiety. 
Mw2 is a weight-average molecular weight of the PLa moiety. 

Wi is an amount of the copolymer of EPR-OAIEt2 used in the polymerization of laclide. and 
W2 is an yield of the diblock copolymer. 

10 

Example 55 

[Preparation of catalyst solution] 

15 [1710] Methylaluminoxane and dimethylsitylenebis (indenyl) zirconium dichloride were mixed in toluene (an appro- 
priate amount of toluene may be optionally added) so that the concentration of zirconium was 0,00011 mmol/liter and 
the molar ratio of aluminum to zirconium (Al/Zr) was 350. The solution was preactivated by stirring for 1 5 min to prepare 
a catalyst solution. 

20 fPolymerizatlonl 

[1711] 750 ml of purified heptane was placed in a 2'liter stainless steel autoclave purged thoroughly with nitrogen, 
and nitrogen in the autoclave was replaced with propylene. The temperature in the autoclave was raised to 40°C, and 
0.263 mmol of triisobutylaluminum and 0.00050 mmol in terms of zirconium atom of the above catalyst solution were 

25 added. The temperature in the autoclave was raised with pressurizing by propylene. The time when the temperature 
and the pressure went up to 0.8 MPa and 70''C, respectively, was regarded as the initiation of the polymerization. The 
polymerization was conducted for 30 min with maintaining at the same pressure and the same temperature. After 30 
min, the supply of propylene was stopped to terminate the polymerization. After decompression and cooling, the slurry 
was taken out, and the solid product was collected by filtration. The solid product was dried under reduced pressure 

30 in flowing nitrogen at 80**C and 500 mmHg for 12 hr. 

[1712] The yield of the obtained polypropylene (PP) was 39.8 g. The catalytic activity was 161 kg/mmol-Zrhr. With 
respect to the polypropylene, Mw measured by GPC was 69,000. The melting point (Tm) measured by DSC was 
139. 1*C. The meso-pentad fraction (mmmm) measured by ^^C-NMR was 90.8%. As a result of IR analysis, It was 
confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. 

35 

[Hydroboration] 

[1713] In a dry box filled with argon, 20 g of the above polypropylene, which had an unsaturated bond in the terminal 
position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
40 magnetic stirrer. 4.6 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at 55<'C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
under reduced pressure, and polypropylene having boron in the terminal position (PP-6) was obtained. 

[Hydroxylation] 

45 

[1714] 10 g of the polymer of PP-B was suspended in 50 ml of degassed and dried THF. In a nitrogen atmosphere, 
1.8 ml of an aqueous solution containing 0.4 g of NaOH and 0.5 ml of methanol were added. The suspension was 
cooled to 0**C. and 1 .5 ml of H2O2 (30%) aqueous solution was added dropwlse. The reaction was conducted at 40*^0 
for 6 hr, and then 100 ml of methanol was added to terminate the reaction. The obtained polymer was filtered off. The 
so obtained filter cake was heat-refluxed with 100 ml of methanol for 2 hr and then was filtered off again. The obtained 
filer cake was dried under reduced pressure at 50'C for 8 hr to obtain a polymer of PP having a hydroxy! group in the 
terminal position (referred to as PP-OH). 

[Polymerization of lactide] 

55 

[171 5] In a dry box, 3.5 g of the polymer of PP-OH was suspended in dried toluene. Excess n-butyllithium was added 
thereto, and the suspension was stirred for 12 hr. The filtration and washing with toluene were repeated to obtain a 
polymer of PP having lithium oxide in the temninal position. The polymer of PP having lithium oxide In the terminal 
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position was suspended in toluene. 3 equivalents of diethylalunninum chloride was added, and the reaction was con- 
ducted for 12 hrto obtain a polymer of PP having aluminum oxide in terminal position (referred to as PP-OAIEtg). The 
polymer of PP-OAIEtg was washed with toluene and hexane and was filtered off. The obtained filter cake was resus- 
pended in 80 ml of toluene. 124.1 g of purified laclide was added, and the reaction was conducted at room temperature 
5 for 64 hr 100 ml of methanol was added to terminate the reaction, and then the polymer was precipitated in acidic 
methanol. The wastes in the polymer were removed by extraction with acetone by the Soxhell extractor to obtain a 
diblock copolymer of polyp ropylene-O-polytactide (referred to as PP-O-PLa). 

[1716] With respect to the diblock copolymer, the weight-average molecular weight (MW2) of the polylactide moiety, 
which was estimated according to the following equation, was 1 50,000. 

10 

Mw2 = Mw^.(W2-Wi)/W^ 

wherein: 

15 

Mwi is a weight-average molecular weight of the PP moiety, 
Mw2 is a weight-average molecular weight of the PLa moiejy. 

W, is an amount of the polymer of PP-OAIEta used in the polymerization of lactide, and 
W2 is an yield of the diblock copolymer. 

20 

Example 56 

[Preparation of catalyst solution] 

25 [1717] 0.23 mmol in temis of zirconium atom of bis{pentamethyl-T|5-cyclopentadienyl)dimethyl2irconium was 
weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 0.92 mmol in temis of 
boron atom of tris(pentafluorophenyl)borane was added thereto. An appropriate amount of toluene was added to the 
solution, and a total amount of 50 ml of the solution was obtained. A catalyst solution was prepared in a zirconium 
concentration of 0.0046 mmol/ml. 

30 

[Polymerization of olefin) 

[1718] 225 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
was passed through at a rate of 200 liter per hour. With stirring by using a magnetic stirrer at 600 revolutions per minute, 

55 a solution in the reactor was maintained at 46**C for 1 0 min. 7.5 mmol in terms of aluminum atom of triisobutylaluminum 
was placed in the reactor. 3 mmol of 9-BBN was added, and then 0.075 mmol in terms of zirconium atom of the above 
catalyst solution was added. The polymerization was conducted at 50°C and ordinary pressure for 5 min. A small 
amount of absolute methanol was added to terminate the polymerization. After completion of the polymerization, the 
polymer was washed with absolute THF. The obtained polymer was dried under reduced pressure at 50**C overnight. 

40 The yield of the obtained polyethylene was 5.1 g. The catalytic activity was 81 6 g/mmol-2r-hr, 

[Confirmation of molecular weight and terminal position of the polymer] 

[1719] 1.0 g of the obtained polyethylene was added to 25 ml of absolute THR In a nitrogen atmosphere at room 
45 temperature. 1 ml of an aqueous solution containing 0.2 g of NaOH and 0.25 ml of methanol were added thereto. 0.8 
ml of 30% H2O2 was added dropwise at 0*C. The reaction was conducted at 40°C for 6 hr, and then the reaction 
solution was poured into 2 liters of a methanol solution to precipitate a polymer. The obtained polymer was refluxed 
with 50 ml of methanol for 2 hr and then was dried under reduced pressure at 50**C for 8 hr. Mw detemiined by GPC 
analysis was 52.400. As a result of IR analysis, it was confinned that a tenninal position of the polymer molecule was 
50 modified by a hydroxyl group so that there was no unsaturated bond in the terminal position. Thus, it was confirmed 
that the terminal position of the above polyethylene was modified by boron. 

[Hydroxylatlon] 

55 [1720] 20 g of the above polyethylene having boron in the temilnal position was suspended in 50 ml of degassed 
and dried THF. In a nitrogen atmosphere, 2.4 ml of an aqueous solution containing 0.5 g of NaOH and 0.6 ml of methanol 
were added. The suspension was cooled to 0*C, and 1.9 ml of H2O2 (30%) aqueous solution was added dropwise. 
The reaction was conducted at 40*C for 6 hr, and then 100 ml of methanol was added to temnlnate the reaction. The 
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obtained polymer was filtered off. The f iJier cake was heat-refluxed with 1 00 ml of methanol for 2 hr and then was 
filtered off again. The obtained filer cake was dried under reduced pressure at 50*^0 for 8 hr to obtain homopotyethylene 
having a hydroxyl group in the terminal position (referred to as HDPE-OH). 

5 [Polymerization of caprolactone) 

[1721] In a dry box, 3.5 g of the polymer of HDPE-OH was suspended in dried toluene. Excess n-butyllithium was 
added thereto, and the suspension was stirred for 1 2 hr. The filtration and washing with toluene were repeated to obtain 
a polymer of HDPE having lithium oxide in the terminal position. The polymer of HOPE having lithium oxide in the 

10 terminal position was suspended in toluene. 3 equivalents of diethylaluminum chloride was added, and the reaction 
was conducted for 12 hr to obtain a polymer of HDPE having aluminum oxide in temiinal position (referred to as 
HDPE-OAIEtg). The polymer of HDPE-OAIEt2 was washed with toluene and hexane and was filtered off. The obtained 
filter cake was resuspended in 80 ml of toluene. 127.2 g of purified caprolactone was added, and the reaction was 
conducted at room temperature for 76 hr. 1 GO ml of methanol was added to terminate the reaction, and then the polymer 

15 was precipitated in acidic methanol. The wastes in the precipitated polymer were removed by extraction with acetone 
by the Soxhelt extractor to obtain a diblock copolymer of polyethylene-O-polycaprolactone (refen-ed to as PE-O-PCL). 
[1722] With respect to the diblock copolymer, the weight-average molecular weight (Mw^) of the polycaprolactone 
(referred to as PCL) moiety, which was estimated according to the following equation, was 150. 000. 

^ MW2 = Mw, . (Wg-W^ )/W^ 

wherein: 

25 Mw^ is a weight-average molecular weight of the HDPE moiety. 

Mwg is a weight-average molecular weight of the PCL moiety, 

Is an amount of the polymer of HDPE-OAIEt^ used in the polymerization of caprolactone, and 
W2 is an yield of the diblock copolymer 

30 Example 57 

[1723] The diblock copolymer (EPR-O-PLa) obtained In Example 54 was powdered and then was thoroughly dried 
by a vacuum dryer. 0.1 part by weight of Irganox^" 1 01 0 was added to 1 00 parts by weight of the dried powder of the 
diblock copolymer. A small blow molded container with a volume of 50 ml and a weight of 15 g was produced by direct 
35 blow molding in a nitrogen atmosphere under the conditions of a cylinder temperature of 200'C and a mold temperature 
of 10°C. 

[1 724] With respect to the obtained small blow molded container, the drop test was conducted, and the transparency 
and the environmental degradation properties were evaluated. The results are shown in Table 10. 
[1 725] The drop test of the small blow molded container was conducted as follows. The small blow molded container 
40 filled with 40 ml of water was sealed off. The container was allowed to stand at a temperature of 23° C for 48 hr and 
then was dropped on the surface of a concrete from a height of 1 m at 23^C. Whether the bottle broke or not was 
observed. 

[1726] The transparency of the small blow molded container was detemiined by the haze value of a side (200 gm 
thick) of the small blow molded container. 
45 [1727] The environmental degradation properties of the small blow molded container were evaluated as follows. A 
specimen 5 cm long and 1 cm wide was cut out from the side of the small blow molded container and was laid in a 
manure (components: rice hulls, wet refuses, chicken droppings, ordure, etc.) of a temperature of 58°C and a moisture 
content of 60% by weight for 3 months. The variation in the specimen between before and after the laying in the manure 
was observed. 

so 

Example 58 

[1728] The diblock copolymer (EPR-O-PLa) obtained In Example 54 was powdered. 10 parts by weight of the diblock 
copolymer powder, 60 parts by weight of polylactic acid (B1) (Mw in tenms of polystyrene: 150,000) and 30 parts by 
55 weight of ethylene/propylene random copolymer (C1 ) (MFR measured at 190°C: 5.2 g/10 min; and propylene content: 
20 mol%) were thoroughly dried by a vacuum dryer Individually. 0.1 part by weight of Irganox^*^ 1010 was added. The 
resin was blended by a twin-screw extruder having a screw diameter of 20 mm in a nitrogen atmosphere at a cylinder 
temperature of 200^*0 and was palletized. The obtained pellets were thoroughly dried by a vacuum dryer. In the same 
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manner as in Example 57. the pellets were blow molded, and with respect to the obtained small blow molded container, 
the drop test was conducted and the transparency and the environmental degradation properties were evaluated. The 
results are shown in Table 10. 

s Comparative Example 9 

[1729] In the same manner as in Example 57, the blow molding was conducted, and with respect to the obtained 
small blow molded container, the drop test was conducted and the transparency and the environmental degradation 
properties were evaluated, except that 100 parts by weight of potylactic acid (B1) and 0.1 part by weight of Irgan- 
10 oxT»*101 0 were used. The results are shown in Table 1 0. 

Comparative Example 1 0 

[1730] In the same manner as in Example 58, 67 parts by weight of polylactic acid (B1 ), 33 parts by weight of ethylene/ 
15 propylene random copolymer (C1) and 0.1 part by weight of Irganox^^l 010 were melt blended and were palletized. In 
the same manner as in Example 57, the pellets were blow molded, and with respect to the obtained small blow molded 
container, the drop test was conducted and the transparency and the environmental degradation properties were eval- 
uated. The results are shown in Table 10. 

20 Table 10 





Ex.57 


Ex. 58 


Comp. Ex. 9 


Comp. Ex. 10 


Drop test' 


6 


6 


1 


2 


Transparency (Haze) (%) 


18 


55 


11 


75 


Environmental degradation properties** 


AA 


AA 


Breakup 


AA 



' the number of the bottle which did not break in 5 tests 
AA: The specimen was easily broken by handling. 



30 Example 59 

[1731] The diblock copolymer (PP-O-PLa) obtained in Example 56 was powdered and then was thoroughly dried by 
a vacuum dryer 0.1 part by weight of Irganox^wiOlO was added to 100 parts by weight of the dried powder of the 
diblock copolymer. A cup with a volume of 30 ml and a weight of 1 0 g was produced by injection molding in a nitrogen 
35 atmosphere under the conditions of a cylinder temperature of 2O0''C and a mold temperature of 1 0°C. 

[1732] With respect to the obtained cup, the heat resistance and the environmental degradation properties were 
evaluated. The results are shown in Table 11 . 

[1733] The heat resistance of the cup was evaluated as follows. The cup was allowed to stand at a temperature of 
23°C for 48 hr, and then 20 ml of hot water of 70**C was placed in the cup. The cup was allowed to stand at 23*0 for 
40 1 hr, and whether the moldings distorted or not was visibly observed. 

[1734] The environmental degradation properties of the cup were evaluated as follows. A specimen was cut out from 
the cup. In the same manner as in Example 57, the specimen was laid in a manure (components: rice hulls, wet refuses, 
chicken droppings, ordure, etc.) of a temperature of 58°C and a moisture content of 60% by weight for 3 months, and 
then the variation in the specimen between before and after the laying in the manure was observed. 

45 

Example 60 

[1735] The diblock copolymer (PP-O-PLa) obtained In Example 55 was powdered. 1 0 parts by weight of the diblock 
copolymer powder. 60 parts by weight of polylactic acid (B1 ) and 30 parts by weight of propylene/ethylene block co- 

50 polymer (C2) (MFR measured at 230**C: 25 g/1 0 min; and quantity of a decane-soluble component: 1 1 .5 mol%) were 
thoroughly dried by a vacuum dryer individually. 0.1 part by weight of IrganoxTMioio was added. The resin was blended 
by a twin-screw extruder having a screw diameter of 20 mm in a nitrogen atmosphere at a cylinder temperature of 
200^0 and was palletized. The obtained pellets were thoroughly dried by a vacuum dryer. In the same manner as in 
Example 59, the pellets were injection molded, and with respect to the obtained cup, the heat resistance and the 

55 environmental degradation properties were evaluated. The results are shown In Table 11 . 
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Comparative Example 1 1 

[1736] tn the same manner as in Exanrtple 59. the injection molding was conducted, and with respect to the obtained 
cup. the heat resistance and the environmental degradation properties were evaluated, except that 100 parts by weight 
5 of potylactic acid (B1) and 0.1 part by weight of Irganox^^lOlO were used. The results are shown in Table 11. 

Comparative Example 1 2 

[1737] In the same manner as In Example 60, 67 parts by weight of polylactic acid (B1 ), 33 parts by weight of pro- 
10 pylene/ethylene block copolymer (02) and 0.1 part by weight of lrganox^*^1 010 were melt blended and were pelletized. 
In the same manner as in Example 59, the pellets were injection molded, and with respect to the obtained cup, the 
heat resistance and the environmental degradation properties were evaluated. The results are shown in Table 1 1 . 



Table 11 





Ex.59 


Ex. 60 


Comp. Ex. 11 


Comp. Ex. 12 


Heat resistance* 


AA 


AA 


CC 


BB 


Environmental degradation properties** 


AA 


AA 


Breakup 


AA 



" the degree of variation 

AA: The variation was not recognized at all. 

BB: The slight variation was recognized. 

CC: The variation was recognized. 

" AA: The specimen was easily broken by handling. 



25 Example 61 

[1738] 1 00 parts by weight of the diblock copolymer (PE-O-PCL) obtained in Example 56 was powdered. A solution 
prepared dissolving 0.1 part by weight of Irganox^^** 1010 in acetone was sprinkled on the powder. The mixture was 
stirred thoroughly and was dried by a vacuum dryer. The mixture was press molded into a film 1 00 ^im thick under the 
^ conditions of a heating temperature of 200'»C and a cooling temperature of 20''C. 

[1739] With respect to the obtained film, the heat resistance and the environmental degradation properties were 
evaluated. The results are shown rn Table 12. 

[1740] The heat resistance of the film was evaluated as follows. A stripped specimen 2 mm wide and 2 cm long was 
cut out from the film. Creep test was conducted by TMA (manufactured by Seiko Instruments & Electronics Ltd.) in 

35 flowing nitrogen at a load of 1 0 kgf/cm^ and a temperature rise rate of 2*'C/min. The temperature at a peiTnanent strain 
of 5% was regarded as the distortion temperature, and the heat resistance was evaluated by the distortion temperature. 
[1741] The environmental degradation properties of the film were evaluated as follows. A specimen 5 cm long and 
1 cm wide was cut out from the film and was laid In a manure (components: rice hulls, wet refuses, chicken droppings, 
ordure, etc.) of a temperature of 58°C and a moisture content of 60% by weight for 3 months. The variation in the 

40 specimen between before and after the laying in the manure was observed. 

Example 62 

[1742] The diblock copolymer (PE-O-PCL) obtained in Example 56 was powdered. 1 0 parts by weight of the diblock 
45 copolymer powder, 60 parts by weight of polycaprolactone (B2) (Mw In terms of polystyrene: 130,000) and 30 parts 
by weight of high-density polyethylene (C3) (MFR measured at 190*^0: 5.2 g/10 min; and density: 0.968 g/cm^) were 
thoroughly dried by a vacuum dryer individually. 0.1 part by weight of Irganox^^^l 01 0 was added. The resin was blended 
by a twin-screw extruder having a screw diameter of 20 mm in a nitrogen atmosphere at a cylinder temperature of 
200°C and was pelletized. The obtained pellets were thoroughly dried by a vacuum dryer. In the same manner as in 
50 Example 61 . the pellets were press molded, and with respect to the obtained film, the heat resistance and the envi- 
ronmental degradation properties were evaluated. The results are shown In Table 12. 

Comparative Example 13 

55 [1743] In the same manner as In Example 61 , the blowing of film was conducted, and with respect to the obtained 
film, the heat resistance and the environmental degradation properties were evaluated, except that 100 parts by weight 
of polycaprolactone (B2) and 0.1 part by weight of Irganox^^ 1010 were used. The results are shown in Table 12. 
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Comparative Example 14 

[1744] In the same manner as in Example 62, 67 parts by weight of polycaprol acton e (B2), 33 parts by weight of 
high-density polyethylene (C3) and 0.1 pari by weight of Irganox^w 1010 were melt blended and were pelletized. In 
the same manner as In Example 61 . the pellets were brown-film extojded into a film, and with respect to the obtained 
film, the heat resistance and the environmental degradation properties were evaluated. The results are shown in Table 
12. 



Table 12 





Ex. 61 


Ex. 62 


Comp. Ex. 13 


Comp. Ex. 14 


TMA distortion temperature 


75 


85 


45 


52 


Biodegradabitity* 


AA 


AA 


Breakup 


AA 


AA: The specimen was easily broken by handling. 




SB: 










CC: The form was retained. 









Example 63 

[Preparation of solid catalyst component] 

[1 745] 3.0 g of silica dried at 250*'C for 1 0 hr was suspended in 50 ml of toluene, and then the suspension was cooled 
to 0^*0. 1 7.8 ml of a toluene solution of methylaluminoxane (Al = 1 .29 mmol/ml) was added dropwise over a period of 
30 min with maintaining at O^'C, followed by the reaction at O^^C for 30 min. The temperature was raised to 95°C over 
a period of 30 min, and the reaction was conducted for 4 hr at the same temperature. The temperature was lowered 
to 60°C, and the supernatant liquid was removed by decantation. 

[1 746] The obtained solid connponent was washed twice with toluone and then was resuspended In 50 ml of toluene. 
11 .1 ml of a toluene solution of bis(1-n-butyl-3-methylcyclopentadienyl)2irconium dichloride (Zr= 0.0103 mmol/ml) was 
added dropwise to the suspension at 20**C over a period of 30 min. The temperature in the reactor was raised to SO^C, 
and the reaction was conducted for 2 hr at the same temperature. The supernatant liquid was removed, and the pre- 
cipitate was washed twice with hexane to obtain a solid catalyst. The obtained catalyst included 2.3 mg of zirconium 
based on 1 g of the solid catalyst. 

[Preparation of prepolymerized catalyst] 

[1747] 4 g of the obtained solid catalyst was resuspended in 400 ml of hexane. 5.0 ml of a decane solution of tri- 
isobutylaluminum (1 mmol/ml) and 0.36 g of 1-hexene were added to the suspension, and the prepolymerization of 
ethylene was conducted at 35°C for 2 hr. After the removal of the supernatant liquid, the precipitate was washed three 
times with hexane to obtain a prepolymerized catalyst Including 2.2 mg of zirconium and with which 3 g of polyethylene 
was prepolymerized, based on 1 g of the solid catalyst. 

[Polymerization of olefin] 

[1748] 1 liter of purified hexane and 40 ml of purified 1-hexene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to 60°C, and 1.5 mmol of triisobutylaluminum and 0.24 mg in temis of zirconium atom of the 
prepolymerized catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. There- 
after, with supplying only ethylene, the polymerization was conducted at a pressure of 0.9 MPa and a temperature of 
80*Cfor 1.5 hr. 

[1749] After completion of the polymerization, the polymer was filtered off and was dried at SO^'C ovemight. The yield 
of the obtained polymer was 200 g. The catalytic activity based on a zirconium atom was 77 kg/mmol-Zr h. The density 
of the obtained ethylene/1 -hexene copolymer (P(Et/Hex)) was 0,925 g/cm^. As a result of IR analysis, the 1-hexene 
content was 2.5 mol%. and it was confirmed that there was an unsaturated bond in the temninal position of the polymer 
molecule. Mw measured by GPC was 144,000. 
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[Transformation in terminal position of the polymer] 

[1750] In a dry box filled with argon, 20 g of the polymer (P(Et/Hex)), which had an unsaturated bond in the tenninal 
position, was suspended in 100 ml of degassed and dried teirahydrofuran (THF), and the suspension was placed in a 
5 glass flask with a magnetic stirrer. 2.2 ml of a THF solution of 9-borablcyclo[3.3.1]nonane (9-BBN) (0.5 M) was added 
lo the suspension. In the dry box, the slurry was stirred at 55**C lor 5 hr and then was filtered. The filter cake was 
washed with degassed and dried isopropanol and was dried under reduced pressure. 

[1751] 10 g of the obtained polymer was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere at 
room temperature, 0.2 g of NaOH dissolved in 1 ml of water and 0.3 ml of methanol were added thereto. 0.8 ml of 30% 
10 HgOg was added dropwise at 0°C. The reaction was conducted at 40«»C for 6 hr, and then the reaction solution was 
poured into 2 liters of a methanol solution to precipitate a polymer. The obtained polymer was refluxed with 1 00 ml of 
methanol for 2 hr and then was dried under reduced pressure at 50**C for 8 hr. As a result of IR analysis, it was confimried 
that a terminal position of the polymer molecule was modified by a hydroxyl group so that there was no unsaturated 
bond in the terminal position. 

15 

[Polymerization of ethylene oxide (referred to as EO)] 

[1752] 1420 g of the above polymer having a hydroxyl group in the tenminal position (refen-ed to as P(Et/Hex)-OH) 
and 62 mg of tetrakis[tris(dimethylamino) phosphoranylideneamlnolphosphonlum hydroxide {[(Me2N)3P=Nl4P''OH'} 

20 which was synthesized in the same manner as described on page 32 in European Patent Publication No. 0791600 
were placed in a 1500 ml autoclave equipped with a tube for a thennometer, a pressure gage, a stirrer and a inlet tube 
for ethylene oxide. Air in the autoclave was replaced with dried nitrogen, and the contents of the reactor were heated 
to a temperature of 1 25*»C. The reaction was conducted at the same temperature for 1 2 hr with intenmittently supplying 
9.1 g of ethylene oxide in order to maintain the pressure (absolute pressure) at about 0.5 MPa during the reaction. 

25 Residual unreacted ethylene oxide was distilled out under reduced pressure, and 1425 g of a diblock copolymer of 
polyethylene-0-(polyethylene glycol) (referred to as P(Et/Hex)-0-PEG) was obtained. 

[1753] With respect to the obtained polymer, the weight-average molecular weight (MW2) of the polyethylene glycol 
(PEG) moiety, which was estimated according to the following equation, was 500. 

30 

Mwg = Mw,.(W2-Wi)/Wi 

wherein: 

35 Mw^ is a weight-average molecular weight of the P(Et/Hex) moiety, 

MW2 is a weight-average molecular weight of the PEG moiety, 

is an amount of the copolymer of P (Et/Hex) -OH used in the polymerization of EO, and 
W2 is an yield of the diblock copolymer. 

^ Example 64 

[Vacuum distillation of methylaluminoxane] 

[1754] 800 ml of a toluene solution of methylaluminoxane (Al: 1 .52 mol/liter; and molar ratio of CH3/AI: 2.12) available 
45 from Witco Corp. was placed in a glass flask purged thoroughly with nitrogen. With maintaining the temperature in the 
flask at ranges of 37°C to 40*»C and the distillation temperature at ranges of 27°C to 28.5^0, the distillation was con- 
ducted at 300 mmHg for 4 hr to distill the liquid entirely. 53.6 g of white methylaluminoxane drying up remained in the 
flask. The solid methylaluminoxane was redlssolved by the addition of 650 ml of toluene. The obtained toluene solution 
of the distilled methylaluminoxane was a colorless, transparent and homogeneous solution of an aluminum concen- 
50 tration of 1 .32 mol/liter, and the molar ratio of CHg/AI in the solution was 1 .54. 

[Preparation of solid catalyst component) 

[1755] 10 g of silrca (F-948, available from Fuji-Davlson Chemical Ltd.. dried at 200"C for 4 hr) and 1 50 ml of toluene 
55 were placed in a 400 ml reactor purged thoroughly with nitrogen and were cooled to 0*C with stirring. 67 mmol In terms 
of aluminum atom of the toluene solution of the distilled methylaluminoxane (Al: 1 .32 mol/liter) was added dropwise in 
a nitrogen atmosphere over a period of 1 hr The reaction was conducted at the same temperature for 30 min, followed 
by reacting at 95''C for 4 hr. The reaction solution was allowed to coot, and the supematant liquid was removed by 
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decantation when the temperature dropped to BO'^C. The precipitate was washed three times with 150 ml of toluene 
at room temperature and then was resuspended in toluene to obtain a total amount of 1 50 ml of the suspension. As a 
result, the solid catalyst component including 5.5 mmol of aluminum based on 1 g of silica was obtained. 

5 [Preparation of solid catalyst component] 

[1756] 9 mmol in terms of aluminum atom of the above solid catalyst component and 0.03 mmol in terms of zirconium 
atom of rac-dimethylsilylbis(2-methyl-4,5-benzoindenyl) zirconium dichlorlde dissolved in toluene were placed in a 200 
ml reactor purged thoroughly with nitrogen and were stirred for 5 min. 100 ml of hexane was added, and 1 .5 mmol of 
10 triisobutylaluminum was added, followed by stirring for 5 min. The prepolymerization of propylene was conducted with 
flowing a propylene gas (1.6 liter/h) at 20**C for 2 hr. The supernatant liquid was removed by decantation. The precipitate 
was washed three times with 150 ml of hexane and then was resuspended in decane. Based on 1 g of silica in the 
obtained solid catalyst component, 0.0091 mmol of zirconium and 5.0 mmol of aluminum were supported and 3 g of 
polypropylene was prepolymerized. 

15 

(Bulk polymerization] 

[1 757] 400 g of propylene and 6 liters of ethylene were blown through into a 2-liter autoclave purged thoroughly with 
nitrogen, and the temperature in the autoclave was raised to 50'C. 1.0 mmol of triisobutylaluminum and 0.0005 mmol 
20 in terms of zirconium atom of the solid catalyst component were added, and the polymerization was conducted at 60°C 
for 1 hr. The yield of the obtained polymer was 133.5 g. The catalytic activity was 267 kg/mmol-Zr h. With respect to 
the polymer, the melting point (Tm) was 131°C, and Mw was 200.900. As a result of IR analysis, the ethylene content 
was 2. 1 mol%, and it was confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. 

25 [Hydroboration] 

[1758] In a dry box filled with argon, 20 g of the above polymer (referred to as rPP), which had an unsaturated bond 
in the temiinal position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a 
glass flask with a magnetic stirrer. 1 .6 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry 
30 box. the slurry was stirred at 55°C for 5 hr and then was filtered. The filter cake was washed with degassed and dried 
isopropanol and was dried under reduced pressure, and a propylene copolymer having boron in the temiinal position 
(referred to as rPP-B) was obtained. 

[Polymerization of butylacrylate] 

35 

[1759] 20 g of the copolymer of rPP-B, which had boron in the temiinal position, was placed in a sealed flask and 
was suspended by the additk>n of 9.8 g of dried butylacrylate (BA) and 80 ml of THF. 1 .0 ml of dried oxygen was blown 
through to initiate the reaction, followed by stirring at room temperature for 3 hr. 100 ml of methanol was added to 
terminate the reaction. The precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor in 
40 a nitrogen atmosphere over a period of 24 hr to obtain an insoluble diblock copolymer of rPP-O-polybutylacrylate 
(referred to as rPP-O-PBA). 

[1760] With respect to the obtained diblock copolymer, the weight-average molecular weight (Mwg) of the polybuty- 
lacrylate (PBA) moiety, which was estimated according to the following equation, was 5.000. 

MW2 = Mw^.(W2-Wi)/Wi 

wherein: 

so Mw^ is a weight-average molecular weight of the rPP moiety, 

is a weight-average molecular weight of the PBA moiety, 
W^ is an amount of the copolymer of rPP-B used in the polymerization of BA, and 
W2 is an yield of the diblock copolymer. 

55 
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Example 65 

(Preactivation of catalyst] 

9 [1761] 0.023 mmol In terms of titanium atom of [(N-t-butylamido) (tetramethy!-T|5-cyclopentadienyl) dlmethylsilane) 
titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.14 mmol in terms of boron atom of triphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An appro- 
priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared at a titanium concentration of 0.00046 mmol/ml. 

10 

[Polymerization of olefin) 

[1762] 750 ml of purified heptane and 25 ml of purified 1*octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 

IS autoclave was raised to 60**C, and 0.376 mmol of triisobutylaluminum and 0.00075 mmol in terms of titanium atom of 
the preactivated catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. There- 
after, the polymerization was conducted for 20 min with supplying only ethylene and maintaining at a pressure of 0.9 
MPa and a temperature of 70^C. After the elapse of a prescribed time, isopropanol was added to terminate the reaction. 
After decompression, the polymer solution was taken out and was poured into 4 liters of methanol. The solution was 

20 stinred thoroughly. The solid product was collected by filtration and was washed with methanol. The solid product was 
dried in flowing nitrogen at 120*^0 and 500 mmHg for 12 hr. 

[1763] The yield of the obtained ethylene/octene copolymer (EOR) was 37.4 g. The catalytic activity was 150 kg/ 
mmol-Ti-h. As a result of IR analysis of the copolymer, the 1 -octene content was 9.3 mol%, and it was confirmed that 
there was an unsaturated bond in the terminal position of the polymer molecule. The intrinsic viscosity, [-q], was 2.30 
25 dl/g. Mw was 205.400. 

[Hydroboration] 

[1764] In a dry box filled with argon, 20 g of the copolymer of EOR was suspended in 100 ml of degassed and dried 
30 THF, and the suspension was placed in a glass flask with a magnetic stirrer. 1 .6 ml of a THF solution of 9-BBN (0.5 
M) was added to the suspension. In the dry box, the slurry was stirred at SS'^C for 5 hr and then was filtered. The filter 
cake was washed with degassed and dried isopropanol and was dried under reduced pressure, and an ethylene/octene 
copolymer having boron In the terminal position (EOR-B) was obtained. 

35 [Polymerization of methylmethacrylate] 

[1765] 20 g of the copolymer of EOR-B was placed in a sealed flask and was suspended by the addition of 7,5 g of 
dried MM A and 80 ml of THF. 1 .0 ml of dried oxygen was blown through to initiate the reaction, followed by stirring at 
room temperature for 2 hr. 100 ml of methanol was added to terminate the reaction. The precipitated polymer was 
extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period of 24 hr to obtain 
an insoluble diblock copolymer of EOR-O-polymethylmethacrylate (EOR-O-PMMA). 

[1766] With respect to the obtained diblock copolymer, the weight-average molecular weight (Mwg) of the polymeth- 
ylmethacrylate (PMMA) moiety, which was estimated according to the following equation, was 5,000. 

MW2 = Mw^.(W2-Wi)/Wi 

wherein: 

50 Mwi is a weight-average molecular weight of the EOR moiety, 

Mw2 is a weight-average molecular weight of the PMMA moiety, 

is an amount of the copolymer of EOR-B used in the polymerization of MMA, and 
W2 is an yield of the diblock copolymer. 

55 
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Example 66 

[Preactivation of catalyst] 

s [1767] 10.0 mg of bis(1,3-dlmethylcyclopentadienyl) zirconium dlchloride was weighed and placed in a glass flask 
purged thoroughly with nitrogen, and a loluene solution of 1 7.2 mmol in terms of aluminum atom of melhylaluminoxane 
was added thereto. The solution was sonicated at 23''C for 15 min. An appropriate amount of toluene was added to 
the solution, and a total amount of 50 ml of the solution was obtained. This solution was used as a catalyst solution. 

10 [Copolymerization of ethylene/norbornene] 

[1 768] I n a nitrogen atmosphere at room temperature, 600 ml of a cyclohexane solution containing 20 g of norborneno 
was placed in a 1 -liter stainless steel autoclave purged thoroughly with nitrogen. 0.6 mmol of triisobutylalumlnum was 
added, and nitrogen in the autoclave was replaced with ethylene. The Inside of the autoclave was pressurized with 

15 ethylene, and then the temperature in the autoclave was raised so that the temperature and the pressure in the auto- 
clave were 70*»C and 0.7 MPa, respectively. 12.8 ml of the prepared catalyst solution was forced into the autoclave 
with pressurized nitrogen to initiate the polymerization. Thereafter, with supplying only ethylene, the polymerization 
was conducted at a pressure of 0.7 MPa and a temperature of 70^0 for 5 min. After 5 min from the initiation of the 
polymerization. 5 ml of isopropanol was forced into the autoclave with pressurized nitrogen to tenminate the polymer- 

20 ization. After decompression, the polymer solution was taken out. With vigorously agitating by a homomixer, the polymer 
solution was brought into contact with an aqueous solution prepared by adding 5 ml of concentrated hydrochlorc acid 
based on 1 liter of water at a ratio of 1 to 1 , and the catalyst residue was passed into the water phase. The contacted 
mixed solution was allowed to stand still, and then the water phase was removed. The polymer solution was washed 
twice with water to purify the same, and the phase of the polymer solution was separated. The purified and separated 

25 polymer solution was allowed to contact with acetone, which was three times as much as the polymer solution, with 
vigorously agitating. After the precipitation of the copolymer, the solid product (copolymer) was collected by filtration 
and was thoroughly washed with acetone. To extract unreacted norbornene remained in the polymer, the solid product 
was put in acetone so as to be a concentration of 40 g/liter, and the extraction was conducted at BO'^C for 2 hr. After 
the extraction, the solid product was collected by filtration and was dried under reduced pressure in flowing nitrogen 

30 at 130*C and 350 mmHg for 12 hr. 

[1769] The yield of the obtained ethylene/nortoornene copolymer (P(Et/NBR)) was 25.7 g. Thus, the catalytic activity 
was 41.8 kg/mmol-2nh. As a result of IR analysis, the norbornene content was 8.5 mol%, and it was confirmed that 
there was an unsaturated bond In the terminal position of the polymer molecule. According to the measurement by 
GPC. Mw was 140,000. 

35 

[Transformation in tenninal position of the polymer] 

[1770] In a dry box filled with argon, 20 g of the copolymer of P(Et/NBR) was suspended in 1 00 ml of degassed and 
dried THR and the suspension was placed in a glass flask with a magnetic stirrer. 2.3 ml of a THF solution of 9-BBN 
40 (0.5 M) was added to the suspension. In the dry box, the slurry was stirred at 55**C for 5 hr and then was filtered. The 
filter cake was washed with degassed and dried isopropanol and was dried under reduced pressure, and an ethylene/ 
norbornene copolymer having boron in the terminal position (P(Et/NBR)-B) was obtained. 

[1771] 10 g of the obtained copolymer of P(Et/NBR)-B was suspended in SO ml of degassed and dried THF. In a 
nitrogen atmosphere, 1 .0 ml of an aqueous solution containing 0.2 g of NaOH and 0.3 ml of methanol were added. 

45 The suspension was cooled to 0°C, and 0.8 ml of H2O2 (30%) aqueous solution was added dropwise. The reaction 
was conducted at 40'*C for 6 hr, and then 100 ml of methanol was added to terminate the reaction. The obtained 
polymer was filtered off. The obtained filter cake was heat-refluxed with 100 ml of methanol for 2 hr and then was 
filtered off again. The filer cake was dried under reduced pressure at 50*C for 8 hr. The reaction solution was poured 
into 2 liters of a methanol solution to precipitate a polymer. A copolymer of P(Et/NBR) having a hydroxyl group in the 

so tenninal position (refen-ed to as P(Et/NBR)-OH) was obtained. 

[Polymerization of caprolactone] 

[1772] In a dry box. 3.5 g of the copolymer of P(Et/NBR)-OH was suspended In dried toluene. Excess n-butyllithium 
55 was added thereto, and the suspension was stirred for 12 hr. The filtration and washing with toluene were repeated to 
obtain a corresponding lithium alkoxide. The solid product was resuspended in toluene. 3 equivalents of diethylalumi- 
num chloride was added, and the reaction was conducted for 12 hr to obtain a copolymer of P(Et/NBR)-aluminum 
alkoxide (referred to as P(EVNBR)-OAIEt2). The polymer was washed with toluene and hexane and was filtered off. 
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The polymer was suspended in 80 ml of toluene. 2.3 g of purified caprolactone was added, and the reaction was 
conducted at room temperature for 2 hr. 1 00 ml of methanol was added to temriinate the reaction , and then the polymer 
was precipitated in acidic methanol. The soluble matters in the precipitated polymer were removed by extraction with 
acetone by the Soxhelt extractor to obtain a diblock copolymer of P(Et/NBR)-0-polycaprolactone (referred to as P(Et/ 
s NBR)-0-PCL). 

[1773] With respect to the obtained polymer, the weight-average molecular weight (MW2) of the polycaprolactone 
(PCL) moiety, which was estimated according to the following equation, was 5,000. 

Mwg = Mw^ - (Wg-W^VW, 

wherein: 

Mw^ is a weight-average molecular weight of the P(Et/NBR) moiety. 
15 Mw2 is a weight-average molecular weight of the PCL moiety, 

Wi is an amount of the copolymer of P(Et/NBR)-OH used in the polymerization of caprolactone, and 
W2 is an yield of the diblock copolymer. 

Synthetic Example 1 

20 

[Preparation of propylene/butene/ethylene copolymer] 

[1774] 675 ml of heptane was placed in a 1 .5-liter autoclave dried under reduced pressure and purged with nitrogen 
at ordinary temperature. 0.3 ml of 1.0 mmol/ml toluene solution of triisobutylaluminum was added so as to bean amount 

25 of 0.3 mmol in tenns of aluminum atom of triisobutylaluminum. With stining, 28.5 liters of propylene (in terms of a 
volume at 25*^0 and 1 atm) and 10 liters of 1-butene (in terms of a volume at 25°C and 1 atm) were blown through, 
and the temperature in the autoclave was raised to 60°C. The inside of the autoclave was pressurized with ethylene 
so as to be a pressure of 6.0 kg/cm^-G. 7.5 ml of a toluene solution (0.000 1 mM/ml) of rac-dlmethylsilylenebis(2-methyl- 
4-phenyl-1 -indenyl) zirconium dichloride synthesized in known method and 2.3 ml of a toluene solution of triphenyl- 

30 carbeniumtetra (pentafluorophenyl)borate were added, and the copolymerization of propylene, ethylene and 1 -butene 
was initiated. The catalyst concentrations of rac-dimethylsllylenebis(2-methyl-4-phenyl-1 -indenyl) zirconium dichloride 
and triphenylcarbeniumtetra (pentafluorophenyl)borate were 0.001 mmot/llter and 0.003 mmol/llter, respectively, based 
on a total amount of the contents in the autoclave. 

[1 775] During the polymerizalion, the pressure was mainlained al 6.0 kg/cm^-G by continuously supplying ethylene. 

35 After 15 min from the initiation of the polymerization, methanol was added to temiinate the polymerization. After de- 
compression, the polymer solution was taken out. The polymer solution was washed with "an aqueous solution prepared 
by adding 5 ml of concentrated hydrochloric acid based on 1 liter of water" at a ratio of 1 to 1 based on the polymer 
solution, and the catalyst residue was passed into the water phase. The catalyst-mixing solution was allowed to stand 
still, and then the water phase was removed. The polymer solution was washed twice with distilled water, and the 

^ phase of the polymer solution was separated from the water phase. The separated polymer solution was allowed to 
contact with acetone, which was three times as much as the polymer solution, with vigorously agitating. After the 
precipitation of the polymer, the solid product (copolymer) was thoroughly washed with acetone and was collected by 
filtration. The solid product was dried in flowing nitrogen at 130°C and 350 mmHg for 12 hr. The yield of the obtained 
propylene/butene/ethylene copolymer was 24 g, and the intrinsic viscosity, [t)], measured at 135*C in Decalin was 1 .9 

45 dl/g. The glass transition temperature, Tg, was -31 **C, and the quantity of heat of fusion was 49 J/g. The contents of 
ethylene and butane were 1 0 mol% and 1 9 mol%, respectively. Mw/Mn measured by GPC was 2.4. 

Example 67 

50 [Preactivation of catalyst] 

[1776] 0.023 mmol in terms of titanium atom of [(N't-butylamido)(tetramethyl-T|5-cyclopentadienyl) dimethylsllane] 
titanium dichloride was weight and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.69 mmol in terms of boron atom of triphenylmethylpentakis(pentaf luorophenyl)borate was added thereto. An appro- 
55 priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared in a titanium concentration of 0.00046 mmol/ml. 
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[Polymerization of olefin] 

[1777] 750 ml of purified heptane and 50 ml of purified 1-octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 

5 autoclave was raised to 60^0, and 0.375 mmol of trilsobutylaluminum and 0.00075 mmol In ternis of tftanium atom of 
the preactivated catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. There- 
after, only ethylene was supplied. In the polymerization, the operation such that the supply of ethylene was stopped 
until the temperature dropped to TCC when the temperature rose rapidly was carried out twice. The polymerization 
was conducted at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to 85°C for 6 min. After the elapse of a 

10 prescribed time, isopropanol was added to terminate the reaction. After decompression, the polymer solution was taken 
out and was poured into 4 liters of methanol. The solution was stirred thoroughly. The solid product was collected by 
filtration and was washed with methanol. The solid product was dried in flowing nitrogen at 120<*C and 500 mmHg for 
12 hr. 

[1778] The yield of the obtained ethylene/octene copolymer (EOR) was 47.5 g. The catalytic activity was 630 kg/ 
15 mmol-Zr h. As a result of IR analysis of the copolymer, the octene content was 18.6 mol%. and it was confirmed that 
there was an unsaturated bond in the terminal position of the polymer molecule. The intrinsic viscosity, was 1 .49 
dl/g. Mw was 115,700. 

[HydroborationI 

20 

[1779] In a dry box filled with argon, 20 g of the copolymer of EOR was suspended in 1 00 ml of degassed and dried 
THF, and the suspension was placed in a glass flask with a magnetic stirrer. 2.8 ml of a THF solution of 9-BBN (0.5 
M) was added to the suspension. In the dry box, the slurry was stirred at 55°C for 5 hr and then was filtered. The filter 
cake was washed with degassed and dried isopropanol and was dried under reduced pressure. 

25 [1780] 10 g of the obtained polymer was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere at 
room temperature, 0.2 g of NaOH dissolved in 1 ml of water and 0.3 ml of methanol were added thereto. 0.8 ml of 30% 
HgOg was added dropwise at 0**C. The reaction was conducted at 40**C for 6 hr, and then the reaction solution was 
poured into 2 liters of a methanol solution to precipitate a polymer. The obtained polymer was refluxed with 1 00 ml of 
methanol for 2 hr and then was dried under reduced pressure at 50^*0 for 8 hr. As a result of IR analysis, it was confirmed 

30 that a terminal position of the polymer molecule was modified by a hydroxyl group so that there was no unsaturated 
bond in the terminal position. 

{Polymerization of ethylene oxide (EO)] 

55 [1781] 574 g of the copolymer of EOR having a hydroxyl group in the terminal position (referred to as EOR-OH) and 
31 mg of tetrakis[tris(dimethylamino)phosphoranylideneamino] phosphonium hydroxide were placed in a 1 500 ml auto- 
clave equipped with a tube for a thermometer, a pressure gage, a stirrer and a inlet tube for ethylene oxide. Air in the 
autoclave was replaced with dried nitrogen, and the contents of the reactor were heated to a temperature of 125°C. 
The reaction was conducted at the same temperature for 12 hr with intermittently supplying 29 g of ethylene oxide in 

40 order to maintain the pressure (absolute pressure) at about 0.5 MPa during the reaction. Residual unreacted ethylene 
oxide was distilled out under reduced pressure, and 599 g of a block copolymer of the copolymer of EOR and polyeth- 
ylene glycol (referred to as EOR-O-PEG was obtained. 

[1782] With respect to the obtained polymer, the weight-average molecular weight (MW2) of the polyethylene glycol 
(PEG) moiety, which was estimated according to the following equation, was 5,000. 

45 

MW2 = Mw^ . (W2-W^)/Wi 

wherein: 

50 

Mwi is a weight-average molecular weight of the EOR moiety, 
Mw2 is a weight-average molecular weight of the PEG moiety. 

Is an amount of the copolymer of EOR-OH used in the polymerization of EO, and 
W2 is an yield of the diblock copolymer. 

55 

[1783] In Examples 68 to 74, the various properties were measured as follows. 
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Initial antifogging properties 

[1784] The top of a 1 00 ml beaker containing 70 ml of water was capped with the sample film. With placing the beaker 
in a constant temperature water bath of 50°C, the beaker was allowed to stand still in a constant temperature chamber 
s of 20°C for 24 hr. 

[1785] The fogging degree of the inside of the sample film was visibly observed to evaluate the degree according to 
the following scales. 



AA: The film has an anti-stick quality, and it is impossible to obsen/e a water drop. 
BB: Large water drops attach to the film partially. 

CC: Fine water droplets attach to the almost all over the surface of the film. 



Transparency (Haze (%)) 

[1786] With respect to the sample film, the haze value 
tured by Nippon Denshoku Industries Co., Ltd. 



measured by a digital turbidimeter (NDH-20D) manufac- 



Modulus in tension of film 



[1787] The modulus in tension was measured at a span of 30 mm, a tensile speed of 50 mm/min and a temperature 
of 23*»C by the use of JIS No.3 dumbbell shape in accordance with JIS K6781-1977. 

Shrinkage factor (%) 

[1788] A sample film was marked at a distance (Lq) between two gage marks of 1 00 mm. The sample film was heated 
in an air oven at 1 0O^C for 1 hr. The distance (L) between the two gage marks given after heating was measured, and 
a shrinkage factor was detemnined by the following equation. 



Shrinkage factor = {Lo-L)/Lo x 1 00 

Restoring factor (%) 

[1 789] A sample film was given a displacement of 1 5 mm by using an ejector rod of a half-inch in diameter at a speed 
of 100 mm/min. The permanent strain given thereafter was measured, and the restoring factor was detennined by the 
following equation. 



40 



45 



50 



Restoring factor (%) 
= [15 mm - Pemianent strain (mm)]/15 mm x 100 

Melting point (Tm) and glass transition temperature (Tg) 

[1790] An endothennic curve was measured by DSC to determine Tm from the temperature at a maximum peakpoint. 
[1791] The endothermic curve was measured as follows. The sample was loaded into an aluminum pan, and the 
temperature was raised to aoO^'C at a rate of 1 00*»C/min. The temperature was maintained at 200'C forS min and then 
was lowered to -ISO^'C at a rate of 100**C/min. The temperature was raised at a rate of 10*»C/min to obtain the endo- 
tf rrmic curve. 



Viscoelastlclty (tan6) 

[1 792] A sheet 2 mm thick was prepared. VIscoelasttelty test was conducted by a viscoelastlclty tester (Model RDS- 
2) manufactured by Rheometric Scientific RE. Ltd. under the conditions of a measurement temperature of 25**C. a 
55 frequency of 1 0 Hz and a strain of 1%, and the loss tangent was measured. 
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Mar resistance 

[1793] The appearance of the film given after scratching at 23°C was evaluated as follows. 

s AA: Few scratches were observed. 

BB: Undistinguished scratches were observed. 
CC: Distinguished scratches were observed. 

Water vapor permeability 

10 

[1794] The water vapor permeability was measured in accordance with the cup method in JIS Z0208. Water vapor 
was allowed to permeate through a sample film with a water vapor permeation area of 25 cm2 or above from the 
atmosphere of a temperature of 40*^0 and a relative humidity of 90%. The amount of water vapor penmeated for 24 hr 
was measured to convert Into the amount based on 1 m^ of the sample film. The atmosphere on the side of water 
15 vapor permeation had been dried with a hygroscopic agent. 

[Casting of film] 

[1795] The casting of a cast film with a desired thickness was conducted by variation in the extruder output by a 
20 single-screw extruder having a screw diameter of 30 mm at a die temperature of 230**C, a roll temperature of 40^*0 
and a take-off speed of 1 0 m/min. 

Example 68 

25 [1 796] The diblock copolymer (P(Et/Hex)-0-PEG) obtained in Example 63 was blown-film extruded Into a film 60 jim 
thick. With respect to the obtained film, the antifogging properties and the transparency were evaluated. The evaluated 
results are shown as follows. 

Antifogging properties: AA 
30 Transparency: 1 .5% 

Example 69 

[1797] The diblock copolymer (rPP-O-PBA) obtained in Example 64 was blown-film extruded into a film 20 |im thick. 
35 With respect to the obtained film, the flexibility, the heat resistance and the restoring factor were evaluated. The eval- 
uated results are shown as follows. 

Flexibility: modulus in tension of 250 MPa 
Heat resistance: melting point of 130**C 
^ Restoring factor: 75% 

Example 70 

[1798] 80 parts by weight of the diblock copolymer (rPP-0>PBA) obtained in Example 64 and 20 parts by weight of 
45 the propylene/butene/ethylene random copolymer obtained in Synthetic Example 1 were melt kneaded at 200*C and 
then were blown-film extruded Into a film 20 \irr\ thick. With respect to the obtained film, the flexibility, the heat resistance 
and the restoring factor were evaluated. The evaluated results are shown as follows. 

Flexibility: modulus in tension of 150 MPa 
50 Heat resistance: melting point of 128<'C 

Restoring factor: 73% 

Example 71 

55 [1799] The diblock copolymer (rPP-O-PBA) obtained in Example 64 and an ethylene/Vinyl acetate copolymer (MFR: 
2.5 g/10 min; vinyl acetate content: 25% by weight; and hereinafter, referred to as EVA) were blown-film extruded into 
a three-layer film under the following conditions. 
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[Condition of blown-film extrusion] 
[1800] 

5 Film component (thickness of each layer &im)): 

(rPP-O-PBA)/EVA/(rPP-0-PBA)= 1 0/5/1 0 

10 Extruder: 

an extruder having a screw diameter of 30 mm: 200''C (for EVA) 

an extruder having a screw diameter of 40 mm: 200**C (for rPP-O-PBA) 

IS [1 801 ] With respect to the obtained film, the flexibility and the restoring factor were evaluated. The evaluated results 
are shown as follows. 

Flexibility: modulus in tension of 180 MPa 
Restoring factor: 73% 

20 

Example 72 

[1802] The diblock copolymer (EOR-O-PMMA) obtained in Example 65 was blown-film extruded into a film 20 ^.m 
thick. With respect to the obtained film, the transparency and the themnal shrinkage factor were evaluated. The eval- 
25 uated results are shown as follows. 

Transparency: 0.9% 
Shrinkage factor: 1 0% 

30 Example 73 

[1803] The diblock copolymer (P(Et/NBR)-0-PCL) obtained in Example 66 was blown-film extruded Into a film 20 
^m thick. With respect to the obtained film, the mar resistance and the viscoeiasticity were evaluated. The evaluated 
results are shown as follows. 

35 

Mar resistance: AA 

Viscoeiasticity: tan5 (measured at 25°C) = 0.2 
Example 74 

40 

[1804] The diblock copolymer (EOR-O-PEG) obtained in Example 67 was blown-film extruded into a film 20 ^m thick. 
With respect to the obtained film, the transparency and the water vapor permeability were evaluated. The evaluated 
results are shown as follows. 

45 Transparency: 0.5% 

Water vapor permeability: 1 500 g/hn^ 

Example 75 

50 [Preparation of catalyst solution] 

[1805] 0.023 mmol in temns of titanium atom of [(N-t-butylamido) (tetramethyl-'q^-cyclopentadienyl) dimethylsilane] 
titanium dichloride was weighed and placed In a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.69 mmol in temns of boron atom of triphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An appro- 
55 priate amount of toluene was added to the solution, and a total annount of 50 ml of the solution was obtained. A catalyst 
solution was prepared in a titanium concentration of 0.00046 mmot/ml. 
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[Polymerization of olefin] 

[1806] 750 ml of purified heptane and 50 ml of purified 1-octene were placed in a 2-llter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 

5 autoclave was raised to 60*»C, and 0.375 mmol of triisobutylaluminum and 0.00075 mmol in terms of titanium atom of 
the above catalyst solution were added. Ethylene was fed into the autoclave to initiate the polymerization at a pressure 
of 0.9 MPa. After the initiation of the polymerization, only ethylene was supplied. During the polymerization, the rapid 
temperature rising was obsen/ed so that the supply of ethylene was stopped twice until the temperature dropped to 
70°C. The polymerization was conducted at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to B5°C for 6 min. 

10 After the elapse of a prescribed time, isopropanol (I PA) was added to temninate the reaction. After decompression, the 
polymer solution was taken out and was poured into 4 liters of methanol. The solution was stirred thoroughly. The solid 
product was collected by filtration. The filter cake was washed with methanol and then was dried in flowing nitrogen 
at 120**C and 500 mmHg for 12 hr. 

[1807] The yield of the obtained ethylene/octene random copolymer was 47.5 g. The catalytic activity was 630 kg/ 
15 mmol-Zr h. As a result of IR analysis of the ethylene/octene random copolymer (EOR). the octene content was 18.6 
mol%, and it was confirmed that there was an unsaturated bond in the terminal position of the polymer molecule, [ti] 
was 1.49 dl/g. Mw was 115J00. 

[Hydroboration] 

20 

[1808] In a dry box filled with argon, 20 g of the copolymer of EOR, which had an unsaturated bond in the tenninal 
position was suspended In 100 ml of degassed and dried tetrahydrofuran (THF), and the suspension was placed in a 
glass flask with a magnetic stirrer. 2.8 ml of a THF solution of 9-borabicyclo[3.3.1 ]nonane (9-BBN) (0.5 M) was added 
to the suspension. In the dry box. the slurry was stirred at 55*^0 for 5 hr and then was filtered. The filter cake was 
25 washed with degassed and dried I PA and was dried under reduced pressure to obtain a copolymer of EOR having 
boron in the terminal position (EOR-B). 

[Polymerization of methylmethacrylate] 

30 [1809] 20 g of the copolymer of EOR-B was placed in a sealed flask and was suspended by the addition of 13.3 g 
of dried methylmethacrylate (MMA) and 80 ml of THF. 1 .8 ml of dried oxygen was blown through to initiate the reaction, 
followed by stirring at room temperature for 46 hr. 100 ml of methanol was added to temninate the reaction. The pre- 
cipitated polymer was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a nitrogen 
atmosphere over a period of 24 hr to obtain an insoluble diblock copolymer of (ethylene/octene random copolymer) 

35 -O-polymethylmethacrylate (EOR-O-PMMA). 

[1810] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the polymethylmeth- 
acrylate (PMMA) moiety, which was estimated according to the following equation, was 110,000. 

^ MW2 = Mw^ . (W2-W^)/W^ 

wherein: 

Mw^ is a weight-average molecular weight of the EOR moiety, 
45 Mw2 is a weight-average molecular weight of the PMMA moiety, 

Wi is an amount of the copolymer of EOR-B used in the polymerization of MMA, and 
W2 is an yield of the diblock copolymer. 

Example 76 

50 

[Preparation of catalyst solution] 

[181 1] 0.023 mmol in terms of zirconium atom of diphenylmethylene(cyclopentadlenyl)(fluorenyl)zirconium dichloride 
was weighed and placed In a glass flask purged thoroughly with nitrogen, and a toluene solution of 0.092 mmol In 
55 terms of boron atom of triphenylmethylpentakis(pentafluorophenyl) borate was added thereto. An appropriate amount 
of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst solution was 
prepared in a zirconium concentration of 0.00046 mmol/ml. 
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[Polymerization of olefin) 

[1812] 750 nnl of dehydrated and purified heptane was placed in a 2-liter stainless steel autoclave dried and purged 
with nitrogen thoroughly, and a decane solution of 0.225 mmol in terms of aluminum atom of triisobutylaluminum was 

5 added. 65.5 liters of propylene was blown through Into the autoclave. Ethylene was forced, and when the pressure in 
the autoclave went up to 0.84 MPa, 0.000375 mmol in terms of zirconium atom of the above catalyst solution was 
forced from a pot, with maintaining at 20°C. The polymerization was conducted at 0.84 MPa and 20**C for 10 min. and 
then IPA was added to terminate the reaction. After decompression, the polymer solution was taken out and was poured 
into about 3 titer of methanol to precipitate a copolymer. The copolymer was cut by a mixer The copolymer was washed 

10 with 2 liters of methanol. The solid product was collected by filtration and was dried in flowing nitrogen at ISO'^C and 
500 mmHg for 12 hr. 

[1813] The yield of the obtained syndiotactic propylene/ethylene copolymer (referred to as &PER) was 48.4 g. The 
catalytic activity was 774 kg/mmol-Zrh. As a result of IR analysis, the propylene content was 72 mol%, and it was 
confirmed that there was an unsaturated bond in the terminal position of the polymer molecule, [t^] was 1 .91 di/g. Mw 
IS was 201 ,000. As a result of DSC analysis, the polymer had no melting point (Tm). 

(Hydroboration) 

[1814] In a dry box filled with argon. 20 g of the copolymer of sPER, which had an unsaturated bond in the temriinal 
20 position, was suspended in 100 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 1 .6 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at 55^C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
under reduced pressure, and a copolymer of sPER having boron in the terminal position (referred to as sPER-B) was 
obtained. 

25 

[Polymerization of styrene] 

[1815] 20 g of the copolymer of sPER-B was placed in a sealed flask and was suspended by the addition of 8.0 g 
of dried styrene (St) and 80 ml of THF. 1.0 ml of dried oxygen was blown through to initiate the reaction, followed by 
30 stirring at room temperature for 27 hr. 1 00 ml of methanol was added to terminate the reaction. The precipitated polymer 
was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a 
period of 24 hr to obtain an insoluble diblock copolymer of (syndiotactic propylene/ethylene copolymer)>0-polystyrene 
(referred to as sPER-O-PSt). 

[1816] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the polystyrene (PSt) 
35 moiety, which was estimated according to the following equation, was 10,000. 

MW2 = Mw^ .(Wg-WiVWi 

40 wherein: 

Mw^ is a weight-average molecular weight of the sPER moiety, 
Mw2 is a weight-average molecular weight of the PSt moiety. 

W., is an amount of the copolymer of sPER-B used in the polymerization of styrene, and 
^5 Wg Is an yield of the diblock copolymer. 

Example 77 

[Preparation of catalyst solution] 

so 

[1817] 0.23 mmol in terms of zirconium atom of bis (1 .S-dimethyl-TiS-cyclopentadienyl) dimethylzirconium was 
weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 0.92 mmol in temis of 
boron atom of tris(pentafluorophenyl)borane was added thereto. An appropriate amount of toluene was added to the 
solution, and a total amount of 50 ml of the solution was obtained. A catalyst solution was prepared in a zirconium 
55 concentration of 0.0046 mmol/mi. 
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[Polymerization of olefinj 

[1818] 225 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
was passed through at a rate of 200 liter per hour. With stirring at 600 revolutions per minute, a solution in the reactor 

5 was maintained at 45''C for 1 0 min. 7.5 mmol in terms of aluminum atom of trilsobutylaluminum was placed. 4.5 mmol 
of 9-BBN was added, and then 0.075 mmol in terms of zirconium atom of the above catalyst solution was added. The 
polymerization was conducted at 50''C and ordinary pressure for 5 min. A small amount of absolute methanol was 
added to temriinate the polymerization. After completion of the polymerization, the polymer was washed with absolute 
THF. The obtained polymer was dried under reduced pressure at 50°C overnight. The yield of the obtained polyethylene 

10 (PE) was 5.8 g. The catalytic activity was 928 g/mmol-Zr-h. 

[Hydroxylation] 

[1819] 1 .0 g of the obtained polyethylene was added to 25 ml of absolute THF. In a nitrogen atmosphere at room 

15 temperature, 0.2 g of NaOH dissolved in 1 ml of water and 0.25 ml of methanol were added thereto. 0.8 ml of 30% 
H2O2 was added dropwise at 0°C. The reaction was conducted at 40*C for 6 hr, and then the reaction solution was 
poured Into 2 liters of a methanol solution to precipitate a polymer, The obtained polymer was refluxed with 50 ml of 
methanol for 2 hr and then was dried under reduced pressure at SO^'C for 8 hr. As a result of IR analysis of the obtained 
polymer, the 1 -hexene content was 3.5 mol%. and it was confirmed that a terminal position of the polymer molecule 

so was modified by a hydroxy! group so that there was no unsaturated bond in the terminal position. Mw measured by 
GPC was 12.000. 

[Polymerization of ethylene oxide] 

25 [1820] 11 9 g of the above polyethylene having a hydroxyl group in the terminal position (referred to as PE-OH), and 
62.0 mg of tetrakis[tris(dimethylamino) phosphoranylldeneaminolphosphonium hydroxide {[(Me2N)3P=NJ4P^OH-) 
which was synthesized in the same manner as described on page 32 in European Patent Publication No. 0791600 
were placed in a 1500 ml autoclave equipped with a tube for a thennometer, a pressure gage, a stirrer and a inlet tube 
for ethylene oxide. Air in the autoclave was replaced with dried nitrogen, and the contents of the reactor were heated 

30 to a temperature of 1 25''C. The reaction was conducted at the same temperature for 1 2 hr with intermittently supplying 
54 g of ethylene oxide (EO) in order to maintain the pressure (absolute pressure) at about 0.5 MPa during the reaction. 
Residual unreacted ethylene oxide was distilled out under reduced pressure, and 169 g of a dibtock copolymer of 
polyethylene-0-(polyethytene glycol) (PE-O-PEG) was obtained. 

[1821] The weight-average molecular weight (MW2) of the polyethylene glycol (PEG) moiety, which was estimated 
35 according to the following equation, was 5,000. 

Mwg = MWi-(W2-Wi)/Wi 

^ wherein: 

Mw^ is a weight-average molecular weight of the PE moiety, 
Mwg is a weight-average molecular weight of the PEG moiety, 

is an amount of the polymer of PE-OH used in the polymerization of EO, and 
45 Wg is an yield of the diblock copolymer. 

[1822] In Examples 78 to 81 and Comparative Example 16. the various properties were measured as follows. 

Melting point (Tm) and glass transition temperature (Tg) 

50 

[1 823] An endothermic curve was measured by DSC to determine Tm from the temperature at a maximum peak point. 
[1824] The endothermic curve was measured as follows. The sample was loaded into an aluminum pan, and the 
temperature was raised to 200^0 at a rate of 1 0O'C/mln. The temperature was maintained at 200*0 for 5 min and then 
was lowered to -1 SO^'C at a rate of 1 0^'C/min. The temperature was raised at a rate of 1 0^'C/min to obtain the endothennic 
55 curve. 
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intrinsic viscosity [ill 

[1825] The intrinsic viscosity was measured at ^3S^C in Decalin. 
5 Pentad fraction 

[1826] The pentad fraction was detemiined by the ratio of Pmmmm to PW in "»3C-NMR spectra, 
wherein Pmmmm is an absorption Intensity by the methyl group in the third propylene monomeric unit existing In the 
moiety where 5 propylene monomeric units was subsequently linked by isotactic bonds; and 
10 PW is the total absorption intensity by all methyl groups in all propylene monomeric units, 
by the following equation. 

Pentad fraction (%) = Pmmmm/PW x 1 00 

IS 

jy^eltflow rate (MFR) 

[1827] The melt flow rate was measured at 230'*C and a load of 2.16 kg. 
20 Hardness (JIS A) 

[1828] The hardness (JIS A) was measured in accordance with JIS K7215. 
Shore D hardness (SD) 

25 

[1829] The Shore D hardness was measured by the use of the specimen an eighth Inch thick In accordance with 
ASTM D2240. 

Rockwell hardness (HR) 

30 

[1830] The Rockwell hardness was measured by the use of a square plate 2 mm thick. 120 mm long and 130 mm 
wide In accordance with ASTM D785. 

Tensile strength 

35 

[1831] The tensile strength was measured at a span of 20 mm, a tensile speed of 500 mm/min and a temperature 
of 23'C by the use of JIS No.3 dumbbell shape in accordance with JIS K6251 . 

Flexural modulus (FM) 

40 

[1832] The flexural modulus was measured at a span of 51 mm and a flexure speed of 20 mnn/min by the use of the 
specimen an eighth inch thick in accordance with ASTM D790. 

Izod impact strength (IZ) 

45 

[1 833] The Izod impact strength was measured at 23'C by the use of the specimen (post-notch) a quarter inch thfck 
in accordance with ASTM D256. 

Heat distortion temperature (HPT) 

so 

[1834] The heat distortion temperature was measured by the use of the specimen a quarter inch thick in accordance 
with ASTM 0648 (at a load of 4.6 kg/cm^). 

Modulus in tension of film 

55 

[1835] The modulus in tension was measured at a span of 30 mm, a tensile speed of 50 mm/min and a temperature 
of 23**C by the use of JIS No.3 dumbbell shape in accordance with JIS K6781 . 
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Film Impact 

[1836] With respect to the specimen 30 \im thick, the film impact strength was measured by a pendulum film impact 
tester (Film Impact Tester) manufactured by Toyo SeikI Seisaku-sho, Ltd. 

5 

Heal-sealing strength 

[1837] Heat sealing was conducted by a heat sealer under the conditions of an upper bar temperature of IIS^'C, a 
lower bar temperature of 115*C, a pressure of 1 kg/cm2 and a press time of 2 sec to prepare a laminated sheet. The 
10 laminated sheet was cut in a width of 1 5 mm to prepare a specimen. T-peel test was conducted at a peel atmospheric 
temperature of 23^ C and a peel rate of 300 mnn/min to measure the heat-sealing strength. 

Transparency (Haze (%)) 

15 [1838] With respect to the film, the haze value was measured by a digital turbidimeter (NDH-20D) manufactured by 

Nippon Denshoku Industries Co., Ltd. 

Surface resistance 

20 [1839] The surface resistance was measured in accordance with JIS K6911 . 
Adhesion testing 

[1840] Adhesion testing was conducted in accordance with JIS K6256. 

25 

Example 78 

[1841] 22 parts by weight of the diblock copolymer (EOR-O-PMMA) obtained in Example 76, 58 parts by weight of 
block polypropylene (pentad fraction of the propylene homopolymer moiety: 98.5%; MFR: 210 g/10 min; ethylene 
30 content of ethylene/propylene copolymer moiety: 40 mol%; [r\\: 6.0 dl/g; and said copolymer content of the block poly- 
propylene: 5%) and 20 parts by weight of talc (trade name: ET-5, available from Matsumura Sangyo) were blended by 
the Henschel mixer. The pellets were prepared by an extruder equipped with a pelletizer. The pellets were molded by 
a 55t Injection press (IS55EPN, manufactured by Toshiba Machine Co., Ltd.) at a cylinder temperature of 200'*C and 
a mold temperature of 40**C. 

35 [1842] The composition had MFR of 27 g/1 0 min, a flexural modulus (FM) of 2350 MPa. a surface hardness (HR) of 
82, an Izod impact strength (IZ) of 230 J/m and a heat distortion temperature (HOT) of 144°C. 

Comparative Example 15 

^ [1 843] The molding was conducted in the same manner as in Example 78, except that an ethylene/a-olef in copolymer 
(trade name: TAFMER A0550, available from Mitsui Chemicals Inc.) was used instead of the diblock copolymer 
(EOR-O-PMMA) obtained in Example 75. 

[1844] The composition had MFR of 31 g/1 0 min, a flexural modulus (FM) of 2300 MPa, a surface hardness (HR) of 
77, an Izod Impact strength (IZ) of 70 J/m and a heat distortion temperature (HOT) of 143*'C. 

45 

Example 79 

[1845] 30 parts by weight of the diblock copolymer (sPER-O-PSt) obtained in Example 76 and 70 parts by weight of 
propylene random copolymer (ethylene content: 4.7 mol%; pentad fraction: 1 .0%; melting point: 123**C; and [x\] : 2.7 
50 dl/g) were blended by the Henschel mixer. The pellets comprising rubber components were prepared by an extruder 
equipped with a pelletizer. The composition was extruded by a single-screw extruder having a screw diameter of 30 
mm at a die temperature of 230''C. a roll temperature of 40^C and a take-off speed of 10 m/min, and the extruder 
output was varied to obtain a cast film with a desired thickness. 

[1846] The composition had a modulus in tension of 1 35 MPa, a heat-sealing strength of 250 g/1 5 mm. a film impact 
55 strength of 85 kJ/m and a haze of 2.0%. 
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Comparative Example 16 

[1847] The blown-film extmsion was conducted in the same manner as in Example 79, except that an isotactic pro- 
pylene/ethylene random copolymer (ethylene content: 23 mol%; propylene content: 77 mol%; and Mw: 2.3X1 o^) was 
5 used instead of the diblock copolymer (sPER-O-PSt) obtained in Example 76. 

[1848] The composition had a modulus in tension of 220 MPa, a heat-sealing strength of 1 00 g/15 mm, a film impact 
strength of 34 kJ/m and a haze of 2.7%. 

Example 80 

10 

[1849] 10 parts by weight of the diblock copolymer (PE-O-PEG) obtained in Example 77 and 90 parts by weight of 
Gthylene/hexene random copolymer (ethylene content: 97.5 mol%; hexene content: 2.5 mol%: and Mw: 1.52x10^) 
were blended by the Henschel mixer. The pellets were prepared by an extruder equipped with a pelletizer. The pellets 
were press molded at a press temperature of 200^C by the use of a polyimide sheet. 
f5 [1850] The composition had a flexural modulus (FM) of 203 MPa. a hardness (SD) of 56 and a surface resistance 
of 1.3x1010 o. 

Example 81 

20 [1851] 30 parts by weight of the diblock copolymer (EPT-0-P(StA/Py)) prepared In Example 2. 70 parts by weight 
of a styrene/butadiene random copolymer (trade name: Nipol 1502, available from Zeon Corp.), 3 parts by weight of 
two kinds of zinc oxide, 1 part by weight by stearic acid, 50 parts by weight of HAF carbon black (trade name: SEAST 
#3, available from Tokai Carbon Co., LTD.), 1.5 parts by weight of N-cyclohexyl-2-benzothiazyl sulfonamide (trade 
name: Sanceler CM, available from Sanshin Chemical Industry) and 1 .75 parts by weight of sulfur were blended and 

25 kneaded by an open roll having a roll diameter of 6 inches (F/B = 50'*C/50*'C) to obtain an unvulcanized rubber sheet. 
The sheet was vulcanized by press curing at 160**C for 20 min. 

[1852] The hardness (JIS A) of the composition was 72. The tensile strength and elongation at break of the compo- 
sition were 23.1 MPa and 390%, respectively. 

[1853] The adhesive (trade name: Chemlok607, available from Load Corp.) was applied to the surface of a sheet, 
30 0.5 mm thick and 25 mm wide, comprising nylon 12 (trade name: DAIAMID L2101, available from Oalcel Chemical 
Industries, Ltd.). The adhesive was dried at ordinary temperature and was bonded to the unvulcanized rubber sheet 
as described above by press curing at leo^'C for 20 min. As a result of evaluating the adhesive properties of the 
adhesive-bonded specimen, the rubber base material was broken. 

35 Example 82 

[Preparation of catalyst solution] 

[1854] Methylaluminoxane and ethylenebis(indenyl) zirconium dichloride were mixed in toluene (an appropriate 
40 amount of toluene may be optionally added) so that the concentration of zirconium was 0.00011 mmol/liter and the 
molar ratio of aluminum to zirconium (Al/Zr) was 350. The solution was preactivated by stirring for 15 min to prepare 
a catalyst solution. 

[Polymerization] 

45 

[1855] 500 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stin-ing by using a magnetic stirrer at 600 revolutions per 
minute, a solution in the reactor was maintained at 75**C for 10 min. 24.3 mg in terms of aluminum atom of triisobuty- 
laluminum was placed In the reactor. 0.46 mg in terms of zirconium atom of the above catalyst solution was added. 

so The polymerization was conducted at SO^C and ordinary pressure for 60 min. A small amount of isopropanol was added 
to temninate the polymerization. After completion of the polymerization, the reaction solution was poured into 2 liter of 
a methanol solution of dilute hydrochloric acid to precipitate a polymer. The precipitated polymer was washed twice 
with methanol, and then the obtained polymer was dried under reduced pressure at 80*'C overnight. 
[1856] The yield of the obtained polypropylene (PP) was 87.0 g. The catalytic activity was 17.4 kg/mmol-Zr hr Mw 

55 of the polypropylene was 5.500. As a result of IR analysis, it was confirmed that there was an unsaturated bond In the 
terminal position of the polymer molecule. 
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[Hydroboratlon] 

[1857] In a dry box filled with argon, 5.0 g of the above polypropylene, which had an unsaturated bond in the tenninal 
position, was suspended in 1 00 ml of degassed and dried tetrahydrofuran (THF), and the suspension was placed in a 
5 glass flask with a nnagnetic stirrer. 14.5 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry 
box. the slurry was stirred at SS^'C for 5 hr and then was filtered. The filter cake was washed with degassed and dried 
isopropanol (IPA) and was dried under reduced pressure, and polypropylene having boron in the terminal position 
(PP-B) was obtained. 

10 [Polymerization of ethylmethacrylatej 

[1858] 5.0 g of the polymer of PP-B was placed in a sealed flask and was suspended by the addition of 79.3 g of 
dried ethylmethacrylate (referred to as EMA) and 80 ml of THF. 9.4 ml of dried oxygon was blown through to initiate 
the reaction, followed by stirring at room temperature for 2 hr. 100 ml of methanol was added to terminate the reaction. 
15 The precipitated polymer was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a 
nitrogen atmosphere over a period of 24 hr to obtain an insoluble diblock copolymer of polypropylene-O-polyethyl- 
methacrylate (referred to as PP-O-PEMA). 

[1859] With respect to the diblock copolymer the weight-average molecular weight (Mwg) of the potyethylmethacr- 
ylate (referred to as PEMA) moiety, which was estimated according to the following equation, was 2,000. 

20 

Mwg = Mw.,.(W2-W^)/W^ 

wherein: 

25 

Mw^ is a weight-average molecular weight of the PP moiety, 

is a weight-average molecular weight of the PEMA moiety, 
Wi is an amount of the polymer of PP-B used in the polymerization of EMA, and 
W2 is an yield of the diblock copolymer. 

30 

Example 83 

[Preparation of catalyst solution] 

35 [1 860] Methylaluminoxane and dimethylsilylenebis(2,3,5-trimethy lcyclopentadienyl)zirconium dichloride were mixed 
in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium was 
0.00011 mmol/liter and the molar ratio of aluminum to zirconium (Al/Zr) was 350. The solution was preactivated by 
stirring for 15 min to prepare a catalyst solution. 

40 [Polymerization] 

[1861 ] 400 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stinring by using a magnetic stirrer at 600 revolutions per 
minute, a solution in the reactor was maintained at 45^C for 10 min. 1 .8 mg in temis of zirconium atom of the above 

^5 catalyst solution was placed in the reactor. The polymerization was conducted at 50**C and ordinary pressure for 60 
min. A small amount of isopropanol was added to terminate the polymerization. After completion of the polymerization, 
the reaction solution was poured into 2 liter of a methanol solution of dilute hydrochlork: acid to precipitate a polymer. 
The polymer was washed twice with methanol, and then the obtained polymer was dried under reduced pressure at 
SO'C overnight. The yield of the obtained polypropylene was 39.4 g. The catalytic activity was 2.0 kg/mmol-Zr hr. Mw 

50 of the polypropylene was 13,000. The melting point, Tm, measured by DSC was 141 .e^'C. As a result of IR analysis, 
it was confinned that there was an unsaturated bond in the terminal position of the polymer molecule. 

[Hydroboratlon] 

55 [1862] In a dry box filled with argon, 1 0 g of the above polypropylene, which had an unsaturated bond in the terminal 
position, was suspended in 1 00 ml of degassed and dried THF. and the suspension was placed in a glass flask with a 
magnetic stirrer. 6.2 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the sluny was 
stirred at SS'C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 



181 

BNSDOCID: <EP 127Se70Al J_> 



EP 1 275 670 A1 



under reduced pressure, and polypropylene having boron in the lenninal position (PP-B) was obtained. 
[Copolynnerization of styrene/nnaleic anhydridej 

s [1863] 20 g of the polymer of PP-B was placed in a sealed flask and was suspended by the addition of 4 g of dried 
styrene (St) and 4 g of maleic anhydride (MAH). 15.9 ml of dried oxygen was blown through to initiate the reaction. 
After stirring at 45'*C for 2 hr. 100 ml of methanol was added to terminate the reaction. The precipitated polymer was 
extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over a period 
of 24 hr to obtain an insoluble diblock copolymer of polypropylene-0-(styrene/maleic anhydride copolymer) (PP-O-P 

10 (St/MAH)), 

[1864] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the styrene/maieic an- 
hydride copolymer (P(St/MAH)) moiety, which was estimated according to the following equation, was 2.000. 



,5 Mwg = Mwi . (W2-W1 )/Wi 

wherein: 

Mw^ is a weight-average molecular weight of the PP moiety, 
20 is a weight-average molecular weight of the P(St/MAH) moiety, 

W, is an amount of the polymer of PP-B used in the copolymerization of styrene/maieic anhydride, and 
W2 is an yield of the diblock copolymer. 

Example 84 

[Preactivatlon of catalyst component] 

[1865] Methylaluminoxane and meso-dimethylsllylenebis (2-methyl-4-phenylindenyl) zirconium dichloride were 
mixed in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium 
30 was 0.00011 mmol/liter and the molar ratio of aluminum to zirconium (Al/Zr) was 350. The solution was preactivated 
by stirring for 15 min to prepare a catalyst solution. 

[PolymerlzationJ 

35 [1866] 250 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and ethylene 
and propylene were passed through at rates of 90 liter per hour and 110 liter per hour, respectively. With stirring at 600 
revolutions per minute, the reactor was maintained at 45'C for 10 mIn. 0.045 mg (0.0005 mmol) in terms of zirconium 
atom of the above catalyst solution was placed in the reactor The polymerization was conducted at 60'C and ordinary 
pressure for 20 min. A small amount of isopropanol was added to terminate the polymerization. After completion of 

^ the polymerization, the reaction solution was poured into 2 liter of a methanol solution of dilute hydrochloric acid to 
precipitate a polymer. The polymer was washed twice with methanol, and then the obtained polymer was dried under 
reduced pressure at 130**C ovemight. The yield of the obtained ethylene/propylene random copolymer (EPR) was 2.7 
g. The catalytic activity was 16.2 kg/mmol-Znh. As a result of IR analysis, the ethylene content was 70.7 mol%, and it 
was confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. Mw was 5,600. 

45 

[Hydroboration] 

[1867] In a dry box filled with argon, 5.0 g of the copolymer of EPR, which had an unsaturated bond in the terminal 
position, was suspended in 1 00 ml of degassed and dried tetrahydrofuran (THF), and the suspension was placed In a 
so alass flask with a magnetic stirrer. 14.2 ml of a THF solution of 9-borabicyclo[3.3.1]nonane (9-BBN) (0.5 M) was added 
■0 the suspension. In the dry box, the slurry was stirred at 55**C for 5 hr and then was filtered. The filter cake was 
washed with degassed and dried isopropanol and was dried under reduced pressure, and a copolymer of EPR having 
boron in the terminal position (EPR-B) was obtained. 

55 [Polymerization of ethylmethacrylate] 

[1868] 5.0 g of the polymer of EPR-B was placed in a sealed flask and was suspended by the addition of 77.9 g of 
dried ethylmethaciylate (EMA) and 80 ml of THF. 9.2 ml of dried oxygen was blown through to Initiate the reaction, 
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followed by stirring at room temperature for 2 hr. 100 ml of methanol was added to temilnate the reaction. The precip- 
itated polymer was extracted with a mixed soh^ent of acetone and heptane by the Soxhelt extractor In a nitrogen at- 
mosphere over a period of 24 hr to obtain an insoluble diblock copolymer of EPR-O-polyethylmethacrylate (referred 
to as EPR-O-PEMA). 

[1869] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the polyethylmethacr- 
ylate (PEMA) moiety, which was estimated according to the following equation, was 2,000. 

Mw2 = MWi •(W2-Wi)yW^ 

wherein: 

Mw^ is a weight-average molecular weight of the EPR moiety, 

Mwg is a weight-average molecular weight of the PEMA moiety, 

Wi is an amount of the copolymer of EPR-B used in the polymerization of EMA, and 

Wg is an yield of the diblock copolymer 

Example 85 

[1870] 0,1 part by weight of Irganox^'^^IOIO. 0.1 part by weight of lrgaphos'f'^168 and 0.1 part by weight of calcium 
stearate were added to 87 parts by weight of propylene/ethylene block copolymer (83) (MFR measured at 230°C: 27 
g/10 min; and quantity of a decane-soluble component: 14.3 mol%), 10 parts by weight of talc (C4) (a mean particle 
diameter of 1 5 ^m) and 3 parts by weight of the diblock copolymer (PP-O-PEMA) obtained in Example 82. In a nitrogen 
atmosphere, the resin was melt blended by a twin-screw extruder having a screw diameter of 20 mm at a cylinder 
temperature of 200°C, and pellets were prepared. The obtained pellets were injection molded Into specimens for the 
evaluations of the various properties under the conditions of a cylinder temperature of 200*0, a mold temperature of 
40''C and an injection pressure of 1000 kg/cm2. The obtained specimens were maintained at 23*^0 for 168 hr, and then 
the following tests were conducted. The results are shown in Table 13. 

Flexural modulus (FM) 

[1871] The flexural modulus was measured by the use of the specimen 5 Inches long, a half-Inch wide and an eighth 
Inch thick, which was obtained by injection molding, In accordance with ASTM D638. 

Izod impact strength (IZ) 

[1872] The Izod impact strength was measured at 23^C by the use of the specimen (post-notch) a quarter inch thick 
in accordance with ASTM D258. 

Heat distortion temperature (HPT) 

[1 873] The heat distortion temperature was measured by the use of the specimen 5 inches long, a quarter inch wide 
and a half-inch thick, which was obtained by injection molding, in accordance with ASTM D648. 

Example 86 

[1874] 40 g of sodium type montmorillonite was dispersed in 1 000 ml of distilled water of 70*'C, and then a solution 
such that 20 g of 12-aminododecane acid and 2 ml of hydrochloric acid were previously mixed in 100 ml of distilled 
water poured into the suspension. The suspension was stirred for 2 hr at 70°C to exchange metallic ions between 
montmorillonite layers for organic cations. The obtained precipitate was filtered off and was thoroughly washed with 
warm water to purify the same. The precipitate was freeze dried and was powdered. The yield of the obtained organized 
montmorillonite (C5) was 27 g, 

[1875] 0.1 part by weight of Irganox^^lOIO. 0.1 part by weight of lrgaphos^**168 and 0.1 part by weight of calcium 
stearate were added to 92 parts by weight of propylene/ethylene block copolymer (B3), 5 parts by weight of the organ- 
ized montmorillonite (C5) and 3 parts by weight of the diblock copolymer (PP-0-P(St/MAH)) obtained in Example 83. 
In the same manner as in Example 85, the melt blending and the injection molding were conducted to obtain specimens 
for the evaluations of the various properties. The obtained specimens were maintained at 23**C for 168 hr, and then 
the tests were conducted in the same manner as in Example 85. The results are shown in Table 13. 
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[1876] The melt blending and the injection molding were conducted in the same manner as in Example 85 to obtain 
specimens for the evaluations of the various properties, except that 90 parts by weight of propylene/ethylene block 
5 copolymer (B3), lOpartsby weight of talc (C4), 0.1 part byweight of lrganoxT^»1 01 0,0.1 partby weight of Irgaphos^*^ 168 
and 0.1 pari by weight of calcium slearate were used. The obtained specimens were maintained at 23*0 for 168 hr, 
and then the tests were conducted in the same manner as in Example 85. The results are shown in Table 13. 

Comparative Example 18 

10 

[1877] The melt blending and the injection molding were conducted in the same manner as in Example 85 to obtain 
specimens for the evaluations of the various properties, except that 95 parts by weight of propylene/ethylene block 
copolymer (B3), 5 parts by weight of the organized montmoriltonite (C5), 0.1 part by weight of lrganox^'^1010, 0.1 part 
by weight of Irgaphos^^ 168 and 0.1 part by weight of calcium stearate were used. The obtained specimens were 
15 maintained at 23''C for 168 hr, and then the tests were conducted in the same manner as in Example 85. The results 
are shown in Table 13. 



Table 13 





Ex. 85 


Ex. 86 


Comp. Ex. 17 


Comp. Ex. 18 


FM (MPa) 


1720 


1850 


1450 


1250 


IZ (J/m) 


43 


56 


41 


52 


HDT (*»C) 


125 


131 


121 


115 



25 

Example 87 

[1878] To 95 parts by weight of a commercial ethylene/propylene rubber (B4) (trade name: Mitsui EPT3070), 5 parts 
by weight of zinc oxide, 1 part by weight of stearic acid, 80 parts by weight of talc (a mean particle diameter of 1 5 |im), 

30 20 parts by weight of titanium oxide, 20 parts by weight of liquid paraffin, 1 part by weight of an aging Inhibitor, N- 
isopropyl-N'-phenyl-p-phenylenediamine, and 5 parts by weight of the diblock copolymer (EPR-O-PEMA) obtained in 
Example 84 were blended by a 1.7 liters Banbury mixer at a temperature of 140 to ISO^C for 6 min. The Mooney 
viscosity (ML1 +4 (measured at 1 0O'^C)) of the obtained unvulcanized rubber was 44. 0.5 part by weight of a vulcanizing 
accelerator, methylthiurammonosulfide, 1 .2 parts by weight of a vulcanizing accelerator, N-oxydiethylene-2-benzothi- 

3S a7v.ve sulfenamide and 1 .5 parts by weight of sulfur were added to the obtained rubber composition. The mixture was 
blended by a mixing roll having a roll diameter of 6 inches (at temperatures of both front and back roll of 60"C) for 5 
min to obtain a sheet 3 mm thick. 

[1879] The obtained sheet was press molded into a vulcanized sheet 2 mm thick by a pressing machine at 160''C 
for 1 0 min. With respect to the obtained sheet, tensile test was conducted at a measurement temperature of 23^*0 and 
40 a tensile speed of 500 mm/min based on JIS K6301 to measure the tensile elongation and strength at break. The 
results are shown in Table 14. 

Comparative Example 1 9 

45 [1880] In the same manner as in Example 87. a vulcanized mbber was produced to measure the tensile elongation 
and strength at break, except that a unvulcanized rubber was produced by the use of 1 00 parts by weight of a ethylene/ 
propylene rubber (B4), 5 parts by weight of zinc oxide, 1 part by weight of stearc acid, 80 parts by weight of talc, 20 
parts by weight of titanium oxide, 20 parts by weight of liquid paraffin and 1 part by weight of an aging inhibitor, N- 
isopropyl-N'-phenyl-p- phenylenediamine. The results are shown In Table 14. Compared with the rubber obtained in 

so Example 87. the rubber obtained in Comparative Example 1 9 had a higher Mooney viscosity and lower tensile strength 
at break. 



Table 14 





Example 87 


Comp. Ex. 19 


MLl4^(100*'C) 


46 


58 


Tensile strength at break, TB (MPa) 


15.3 


12.0 
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Table 14 (continued) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 





Example 87 


Comp. Ex. 19 


Tensile elongation at brealc (%) 


520 


530 



Example 88 

[Preparation of solid catalyst component) 

[1881] 3.0 g of silica dried at 250''C for 1 0 hr was suspended in 50 ml of toluene, and then the suspension was cooled 
to 0°C. 17.8 ml of a toluene solution of methylaluminoxane (Al = 1 .29 mmol/ml) was added dropwise over a period of 
30 min with maintaining at O'^C, followed by reacting at 0**C for 30 min. The temperature was raised to gs^C over a 
period of 30 min, and the reaction was conducted for 4 hr at the same temperature. The temperature was lowered to 
eO^'C, and the supernatant liquid was removed by decantatlon. 

[1 882] The obtained solid component was washed twice with toluene and then was resuspended In 50 ml of toluene. 
11.1 ml of a toluene solution of bis(1-n-butyl-3-methyicyclopentadienyl) zirconium dichloride (2r = 0.0103 mmol/ml) 
was added dropwise to the suspension at 20^C over a period of 30 min. The temperature in the reactor was raised to 
80**C, and the reaction was conducted for 2 hr at the same temperature. The supernatant liquid was removed, and the 
precipitate was washed twice with hexane to obtain a solid catalyst. The obtained catalyst included 2.3 mg of zirconium 
based on 1 g of the solid catalyst. 

[Preparation of prepolymerized catalyst] 

[1883] 4 g of the obtained solid catalyst was resuspended in 400 ml of hexane. 5.0 ml of a decane solution of tri- 
isobutylaluminum (1 mmol/ml) and 0.36 g of 1-hexene were added to the suspension, and the prepolymerization of 
ethylene was conducted at 35®C for 2 hr. After the prepolymerization, the supernatant liquid was removed, and the 
solid product was washed three times with hexane to obtain a prepolymerized catalyst including 2.2 mg of zirconium 
and with which 3 g of polyethylene was prepolymerized. based on 1 g of the solid catalyst. 

[Polymerization of olefin] 

[1884] 1 liter of purified hexane and 40 ml of purified 1-hexene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to GCC. and 1.5 mmol of triisobutylaluminum and 0.24 mg in temns of zirconium atom of the 
prepolymerized catalyst were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. After 
the initiation of the polymerization, with supplying only ethylene, the polymerization was conducted at a pressure of 
0.9 fS/lPa and a temperature of BO'^C for 1 .5 hr After completion of the polymerization, the polymer was filtered off and 
was dried at 80**C overnight. The yield of the obtained polymer was 200 g. The catalytic activity based on a zirconium 
atom was 77 kg/mmol-Zr. The density of the obtained ethylene/1 -hexene random copolymer (referred to as P(Et/Hex)) 
was 0.925 g/cm^. As a result of IR analysis, the 1-hexene content was 2.5 mol%, and it was confirmed that there was 
an unsaturated bond in the terminal position of the polymer molecule. Mw measured by GPC was 144,000. 

[Transformation in terminal position of the polymer] 

[1885] In a dry box filled with argon, 20 g of the polymer of PE, which had an unsaturated bond in the terminal position, 
was suspended in 100 ml of degassed and dried tetrahydrofuran (THF), and the suspension was placed In a glass 
flask with a magnetic stinrer. 2.2 ml of a THF solution of 9-borabicyclo[3.3.1]nonane (9-BBN) (0.5 M) was added to the 
suspension. In the dry box, the slurry was stirred at 55**C for 5 hr and then was filtered. The filter cake was washed 
with degassed and dried isopropanol (IPA) and was dried under reduced pressure. 

[1886] 10 g of the obtained polymer was added to 25 ml of degassed and dried THF. In a nitrogen atmosphere at 
room temperature, 0.2 g of NaOH dissolved in 1 ml of water and 0.3 ml of methanol were added thereto. 0.8 ml of 30% 
H2O2 was added dropwise at 0°C. The reaction was conducted at 40*>C for 6 hr, and then the reaction solution was 
poured into 2 liters of a methanol solution to precipitate a polymer. The obtained polymer was refluxed with 100 ml of 
methanol for 2 hr and then was dried under reduced pressure at 50°C for 8 hr. According to IR analysis, it was confinned 
that a terminal position of the polymer molecule was modified by a hydroxyl group so that there was no unsaturated 
bond in the terminal position. 
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[Polymerization of ethylene oxide] 

[1 887] 71 3 g of the copolymer of P(Et/Hex) having a hydroxyl group in the terminal position (P(Et/Hex)-OH) and 31 .0 
mg of tetrakis[tris(dimethylamino)phosphoranylldeneamino] phosphonium hydroxide {[(Me2N)3p=Nl4P^OH-} which 

5 was synthesized in the same manner as described on page 32 In European Patent Publication No. 0791600 were 
placed In a 1500 ml autoclave equipped with a tube for a thermometer, a pressure gage, a stirrer and a inlet tube for 
ethylene oxide. Air in the autoclave was replaced with dried nitrogen, and the contents of the reactor were heated to 
a temperature of 125'C. The reaction was conducted at the same temperature for 12 hr with intenmittently supplying 
30 9 of ethylene oxide in order to maintain the pressure (absolute pressure) at about 0.5 MPa during the reaction. 

10 Residual unreacted ethylene oxide was distilled out under reduced pressure, and 738 g of a diblock copolymer of 
(ethylene/1 -hexene copotymer)-0* (polyethylene glycol) (referred to as P(Et/Hex)-0-PEG) was obtained. 
[1 888] With respect to the diblock copolymer the weight-average molecular weight (Mwg) of the polyethylene glycol 
(PEG) moiety, which was estimated according to the following equation, was 5.000. 

MWg = Mw,.(W2-W^)/Wi 

wherein: 

20 Mw^ is a weight-average molecular weight of the P(Et/Hex) moiety. 

Mwg is a weight-average molecular weight of the PEG moiety, 

Wi is an amount of the copolymer of P(Et/Hex)-B used in the polymerization of EO, and 
W2 Is an yield of the diblock copolymer. 

25 Example 89 

[Preactivatlon of catalyst] 

[1889] 0.023 mmol in ternis of titanium atom of [(N-t-butylamido)(tetramethyl-Ti5K:yclopentadienyl) dimethylsilane] 
30 titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.69 mmol In tenms of boron atom of triphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An appro- 
priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared In a titanium concentration of 0.00046 mmol/ml. 

55 [Polymerization- of olefin] 

[1890] 750 ml of purified heptane and 35 ml of purified 1-octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen In the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to 60**C, and 0.375 mmol of trilsobutylalumlnum and 0.00075 mmol in terms of titanium atom of 

40 the above catalyst solution were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. 
Thereafter, only ethylene was supplied. During the polymerization, when the rapid temperature rising was observed, 
the supply of ethylene was stopped twice until the temperature dropped to 70*C. The polymerization was conducted 
at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to 85*C for 6 min. After the elapse of a prescribed time, 
isopropanol was added to tenminate the reaction. After decompression, the polymer solution was taken out and was 

4$ poured into 4 liters of methanol. The solution was stirred thoroughly. The solid product was collected by filtration and 
was washed with methanol. The solid product was dried In flowing nitrogen at 120**C and 500 mmHg for 12 hr. 
[1891] The yield of the obtained ethylene/octene random copolymer was 66.0 g. The catalytic activity was 880 kg/ 
mmbl-Ti-hr. As a result of IR analysis of the ethylene/octene random copolymer (EOR), the octene content was 12.6 
mol%, and It was confimied that there was an unsaturated bond In the temnlnal position of the polymer molecule. Mw 

50 was 132.400. 

[Hydroboration] 

[1892] In a dry box filled with argon, 20 g of the copolymer of EOR, which had an unsaturated bond in the temriinal 
55 position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 2.4 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at SS'^C for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
under reduced pressure, and an ethylene/octene random copolymer having boron in the terminal position (EOR-B) 



186 



BNSDOCID: < EP 1 275670A1 „l_> 



EP 1 275 670 A1 



was obtained. 

[Polymerization of nriethylmethacrylate] 

5 [1893] 20 g of the copolymer of EOR-B was placed in a sealed flask and was suspended by the addition of 11 .6 g 
of dried methylmethacrylale (MMA) and 80 ml of THF. 1 .6 ml of dried oxygen was blown through lo initiate the reaction, 
followed by stirring at room temperature for 2 hr. 100 ml of methanol was added to terminate the reaction. The precip- 
itated polymer was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor In a nitrogen at- 
mosphere over a period of 24 hr to obtain an insoluble diblock copolymer of EOR-O-polymethylmethacrylate 

10 (EOR-O-PMMA). 

[1894] With respect to the diblock copolymer, the weight-average molecular weight (MW2) of the polymethylmeth- 
acrylate (PMMA) moiety, which was estimated according to the following equation, was 5,000. 

MW2 = Mwi-(W2-Wi)/W^ 

wherein: 

Mw^ is a weight-average molecular weight of the EOR moiety, 
20 MW2 is a weight-average molecular weight of the PMMA moiety, 

Wi is an amount of the copolymer of EOR-B used in the polymerization of MMA. and 
W2 is an yield of the diblock copolymer. 

Example 90 

25 

[Preactivation of catalyst component] 

[1895] Methylaluminoxane and diphenylsilylenebis(2,7-dimethyl-4-isopropylindenyl)2irconiumdichloride were mixed 
in toluene (an appropriate amount of toluene may be optionally added) so that the concentration of zirconium was 
30 0.00011 mmol/liter and the molar ratio of aluminum to zirconium (Al/Zr)was 350. The solution was preactivated by 
stirring for 15 min to prepare a catalyst solution. [Polymerization] 

[1896] 400 ml of purified toluene was placed in a 500 ml glass reactor purged thoroughly with nitrogen, and propylene 
was passed through at a rate of 100 liters per hour. With stirring at 600 revolutions per minute, a solution In the reactor 
was maintained at 45''C for 1 0 min. 1 9.4 mg in temns of aluminum atom of triisobulylaluminum was added. 0.36 mg in 

55 terms of zirconium atom of the above catalyst solution was added, and the temperature in the reactor was raised to 
50"C. The polymerization was conducted at SO'^C and ordinary pressure for 20 min. A small amount of isopropanol 
was added to terminate the polymerization. After completion of the polymerization, the reaction solution was poured 
into 2 liters of a methanol solution of dilute hydrochloric acid to precipitate a polymer. The polymer was washed twice 
with methanol, and then the obtained polymer was dried under reduced pressure at 80*'C overnight. 

40 [1897] The yield of the obtained polypropylene (PP) was 21 .8 g. The catalytic activity was 1 6.4 kg/mmol-Zr h. The 
melting point (Tm) measured by DSC was 149.1 *»C. Mw measured by GPC was 106,000. As a result of IR analysis, it 
was confimried that there was an unsaturated bond in the terminal position of the polymer molecule. 

[Hydroboration] 

45 

[1898] In a dry box filled with argon, 20 g of the above polymer of PP, which had an unsaturated bond in the terminal 
position, was suspended in 1 00 ml of degassed and dried THF. and the suspension was placed In a glass flask with a 
magnetic stirrer. 3.0 ml of a THF solution of 9-BBN (0.5 M) was added to the suspension. In the dry box, the slurry was 
stirred at 55*^0 for 5 hr and then was filtered. The filter cake was washed with degassed and dried IPA and was dried 
50 under reduced pressure, and polypropylene having boron in the terminal position (PP-B) was obtained. 

[Polymerization of 2-hydroxyethylacrylate] 

[1899] 20 g of the polymer of PP-B was placed In a sealed flask and was suspended by the addition of 1 6.8 g of 
55 dried HEA (2-hydroxyethyl acrylate) and 80 ml of THF. 1 .9 ml of dried oxygen was blown through to initiate the reaction, 
followed by stirring at room temperature for 3 hr. 1 00 ml of methanol was added to temiinate the reaction. The precip- 
itated polymer was extracted with a mixed solvent of acetone and heptane by the Soxhelt extractor in a nitrogen at- 
mosphere over a period of 24 hr to obtain an insoluble diblock copolymer of PP-0-(poly-2-hydroxyethyl acrylate) 



187 



BNSDCX51D: <EP 1275e70A1 J_> 



EP 1 275 670 A1 



(referred to as PP-O-PHEA) 

[1900] Wrth respect to the diblock copolymer, the weight-average molecular weight (MW2) of the poly-2'hydroxyethyl 
acrylate (PHEA) moiety, which was estimated according to the following equation, was 5.000. 

5 

MW2 = Mwi 

wherein: 

10 

Mwi is a weight-average molecular weight of the PP moiety. 
Mwg is a weight-average molecular weight of the PHEA moiety, 

is an amount of the polymer of PP-B used in the polymerization of HEA, and 
W2 is an yield of the diblock copolymer. 

15 

[1901] In Examples 91 to 93, the various properties were measured as follows. 
Diameter of dispersed particle 

20 [1902] The diameter of dispersed particles was measured by the Microtrac particle analyzer manufactured by Hon- 
eywell Inc. 

Dispersion stability 

25 [1903] Each of the aqueous resin dispersions obtained in the following Examples was placed in a sealable glass 
bottle, and the bottle was allowed to stand still at room temperature. After 1 month, whether the water phase separated 
from the resin phase or not was confirmed. 

Method of measuring heat-sealing strength to aluminum 

30 

[1904] Aluminum foil (50 ^m thick) was coated with each of the dispersions by a bar coater and then was air-dried. 
The above foil was heated for 1 0 sec in an air oven set at SOCC to obtain coated foil having a unlfomi film. The coated 
foil was heat bonded to LLDPE sheet (available from ASCO Industries, Ltd., 300 |xm thick) at a temperature of 1 00 to 
200°C and a pressure of 1 kg/cm^ for 1 sec in the manner according to JIS Z1 707. The heat-bonded foil was cut in a 
55 width of 1 5 mm to obtain a specimen. The specimen was used for 1 80'' -peel test at a measuring temperature of 23**C 
to measure the adhesive strength (at a tensile speed of 300 mm/min). 

Example 91 

40 [190S] 40 g of the diblock copolymer (P(Et/Hex)-0-PEG) obtained in Example 88, 4 g of maleic anhydride grafted 
polypropylene (propylene/ethylene: 98/2 in molar ratio; maleic anhydride content: 4.0% by weight; viscometric average 
molecular weight: 1 7,000; density: 0.91 9 g/cm^; melting point: 1 36**C; softening point: 1 43*C; and melt viscosity (meas- 
ured at 180**C): 500 cps) as a modified polyolefin and 1 .2 g of potassium oleate as a surfactant were blended at room 
temperature and then were melt kneaded by a labo plastomill (at a preset temperature of at 200°C) for 6 min. 1 .4 g of 

45 18.7% potassium hydroxide aqueous solution was added, and the blend was further melt kneaded for 5 min. The 
contents were taken out, and the solid emulsifiabte product was dispersed in warm water of 60°C to obtain aqueous 
resin dispersions. With respect to the obtained aqueous resin dispersions, the diameter of dispersed particles, the 
dispersion stability and the heat-sealing strength to Al were measured. The results are shown in Table 15. 

50 Example 92 

[1906] The aqueous resin dispersions were prepared In the same manner as in Example 91 , except that the diblock 
copolymer (EOR-O-PMMA) obtained In Example 89 was used. With respect to the obtained aqueous resin dispersions, 
the diameter of dispersed particles, the dispersion stability and the heat-sealing strength to Al were measured. The 
55 results are shown in Table 15. 
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Example 93 

[1907] The aqueous resin dispersions were prepared in the same manner as in Example 91 , except that the diblock 
copolymer (PP-O-PHEA) obtained in Example 90 was used. With respect to the obtained aqueous resin dispersions, 
the diameter of dispersed particles, the dispersion stability and the heat-sealing strength to Ai were measured. The 
results are shown In Table 15. 



Table 15 





Ex. 91 


Ex.92 


Ex.93 


Diameter of dispersed particle {\m\) 


0.6 


0.6 


0.8 


Dispersion stability (phase separation after 1 month) 


None 


None 


None 


Heat-sealing strength to AI (kg/15 mm) 


2.0 


1.8 


1.5 



15 

Example 94 

[Preactivation of catalyst] 

20 [1908] 0.023 mmol in terms of titanium atom of [(N-t-butylamido)(tetramethyl-'n^-cyclopentadienyl) dimethylsilane] 
titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.69 mmol in terms of boron atom of triphenylmethy!pentakis(pentafluorophenyl)borate was added thereto. An appro- 
priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared in a titanium concentration of 0.00046 mmot/ml. 

25 

[Polymerization of olefin] 

[1909] 750 ml of purified heptane and 35 ml of purified 1-octene were placed in a 2-nter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 

30 autoclave was raised to 60''C, and 0,375 mmol of triisobutylaluminum and 0.00075 mmol in tenms of titanium atom of 
the above catalyst solution were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. After 
the initiation of the polymerization, only ethylene was suppliod. During the polymerization, when the rapid temperature 
rising was observed, the supply of ethylene was stopped twice until the temperature dropped to 70'C. The polymeri- 
zation was conducted at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to 85°C for 6 min. After the elapse of 

35 a prescribed time, isopropanol was added to terminate the reaction. After decompression, the polymer solution was 
taken out and was poured into 4 liters of methanol. The solution was stirred thoroughly. The solid product was collected 
by filtration and was washed with methanol. The solid product was dried in flowing nitrogen at 120^C and 500 mmHg 
for12hr. 

[1910] The yield of the obtained ethylene/octene random copolymer was 66.0 g. The catalytic activity was 880 kg/ 
40 mmol-Ti-hr. As a result of IR analysis of the ethylene/octene random copolymer (EOR), the octene content was 12.6 
moI%, and it was confimned that there was an unsaturated bond in the tenninal position of the polymer molecule. Mw 
was 132,400. 

[Transformation in terminal position of the polymer] 

45 

[1911] In a dry box filled with argon, 20 g of the copolymer of EOR, which had an unsaturated bond in the terminal 
position, was suspended in 1 00 ml of degassed and dried THF, and the suspension was placed in a glass flask with a 
magnetic stirrer. 2.4 ml of a THF solution of 9-borabicyclo[3.3.1]nonane (9-BBN) (0.5M) was added to the suspension. 
In the dry box, the slurry was stirred at 55''C for 5 hr and then was filtered. The filter cake was washed with degassed 
so and dried Isopropanol (I PA) and was dried under reduced pressure, and an ethylene/octene random copolymer having 
boron In the tenninal position (EOR-B) was obtained. 

[1912] 10 g of the copolymer of EOR-B was suspended In 50 ml of degassed and dried THF. In a nitrogen atmosphere, 
1.0 ml of an aqueous solution containing 0.2 g of NaOH and 0.3 ml of methanol were added. The suspension was 
cooled to 0°C, and 0.8 ml of H2O2 (30%) aqueous solution was added dropwise. The reaction was conducted at 40*^0 
55 for 6 hr, and then 100 ml of methanol was added to terminate the reaction. The obtained polymer was filtered off. The 
obtained filter cake was heat-refiuxed with 100 ml of methanol for 2 hr and then was filtered off again. The filer cake 
was dried under reduced pressure at 50 ''C for 8 hr. The reaction solution was poured into 2 liters of a methanol solution 
to precipitate a polymer. A copolymer of EOR having a hydroxyl group in the terminal position (EOR-OH) was obtained. 
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[Polymerization of caprolactone] 

[1913] In a dry box, 3.5 g of the polymer of EOR-OH was suspended in dried toluene. Excess n-butyllithium was 
added thereto, and the suspension was stirred for 1 2 hr. The filtration and washing with toluene were repeated to obtain 

5 a corresponding lithium oxide. The solid product was resuspended In toluene. 3 equivalents of diethylaluminum chloride 
was added, and the reaction was conducted for 12 hr to obtain a polymer of EOR-aluminum oxide (referred to as 
EOR-OAIEtg). The polymer was washed with toluene and hexane and was filtered off. The polymer was suspended in 
80 ml of toluene. 2.4 g of purified caprolactone was added, and the reaction was conducted at room temperature for 
2.1 hr. 1 00 ml of methanol was added to terminate the reaction, and then the polymer was precipitated in acidic meth- 

10 anol. The soluble matters in the precipitated polymer were removed by extraction with acetone by the Soxhelt extractor 
to obtain a diblock copolymer of EOR-O-polycaprolactone (referred to as EOR-O-PCL). 

[1914] With respect to the diblock copolymer, the weight-average molecular weight (Mwg) of the polycaprolactone 
(PCL) moiety, which was estimated according to the following equation, was 5,000. 

MW2 = Mw^ • (W2-W^)AWi 

wherein: 

20 Mwi is a weight-average molecular weight of the EOR moiety, 

Mw2 is a weight-average molecular weight of the PCL moiety, 

Wi is an amount of the polymer of EOR-OAIEt2 used in the polymerization of caprolactone, and 
W2 is an yield of the diblock copolymer. 

25 Example 95 

[Preactlvation of catalyst] 

[1915] 0.023 mmol in terms of titanium atom of ((N-t-butylamidoXtetramethyl-Ti^Kiyclopentadienyl) dimethylsilane) 
30 titanium dichloride was weighed and placed in a glass flask purged thoroughly with nitrogen, and a toluene solution of 
0.69 mmol in tenns of boron atom of thphenylmethylpentakis(pentafluorophenyl)borate was added thereto. An appro- 
priate amount of toluene was added to the solution, and a total amount of 50 ml of the solution was obtained. A catalyst 
solution was prepared In a titanium concentration of 0.00046 mmol/ml. 

35 [Polymerization of olefin] 

[1916] 750 ml of purified heptane and 35 ml of purified 1-octene were placed in a 2-liter stainless steel autoclave 
purged thoroughly with nitrogen, and nitrogen in the autoclave was replaced with ethylene. The temperature in the 
autoclave was raised to eO^^C, and 0.375 mmol of triisobutylaluminum and 0.00075 mmol in terms of titanium atom of 

40 the above catalyst solution were added. Ethylene was fed to initiate the polymerization at a pressure of 0.9 MPa. After 
the initiation of the polymerization, only ethylene was supplied. During the polymerization, when the rapid temperature 
rising was observed, the supply of ethylene was stopped twice until the temperature dropped to 70®C. The polymeria 
zation was conducted at a pressure of 0.5 to 0.9 MPa and a temperature of 70 to 85*»C for 6 min. After the elapse of 
a prescribed time, isopropanol was added to terminate the reaction. After decompression, the polymer solution was 

45 taken out and was poured into 4 liters of methanol. The solution was stirred thoroughly. The solid product was collected 
by filtration and was washed with methanol. The solid product was dried in flowing nitrogen at 120*^0 and 500 mmHg 
for12hr. 

[1917] The yield of the obtained ethylene/octene random copolymer was 66,0 g. The catalytic activity was 880 kg/ 
mmol-Ti h. As a result of IR analysis of the ethylene/octene random copolymer (EOR), the octene content was 12.6 
so mol%, and it was confirmed that there was an unsaturated bond in the terminal position of the polymer molecule. Mw 
was 132,400. 

[Hydroboration] 

55 [1918] In a dry box filled with argon, 20 g of the copolymer of EOR was suspended in 100 ml of degassed and dried 
THF, and the suspension was placed In a glass flask with a magnetic stirrer 2.4 ml of a THF solution of 9-BBN (0.5 
M) was added to the suspension. In the dry box, the slurry was stin-ed at 55**C for 5 hr and then was filtered. The filter 
cake was washed with degassed and dried I PA and was dried under reduced pressure, and an ethylene/octene random 
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copolymer having boron in the temriinal position (EOR-B) was obtained. 
[Copolymerization of styrene/mateic anhydride] 

5 [1919] 20 g of the polymer of EOR-B was placed In a sealed flask and was suspended by the addition of 10 g of 
dried slyrene (St). 10 g of maleic anhydride (MAH) and 80 ml of THF. 1.6 ml of dried oxygen was blown through to 
initiate the reaction, followed by stirring at 45^C for 5 hr. 100 ml of methanol was added to temnlnate the reaction. The 
precipitated polymer was extracted with acetone and heptane by the Soxhelt extractor in a nitrogen atmosphere over 
a period of 24 hr to obtain an insoluble diblock copolymer of EOR-0-(styrene/maleic anhydride copolymer) (referred 

10 to as EOR-0-P(St/MAH)). 

[1920] With respect to the diblock copolymer, the weight -average molecular weight (Mwg) of the styrene/maleic an- 
hydride copolymer (P(St/MAH)) moiety, which was estimated according to the following equation, was 5,000. 

MW2- Mwi .(W2-W^)/Wi 

wherein: 

Mw^ is a weight-average molecular weight of the EOR moiety. 
20 Mw2 is a weight-average molecular weight of the P(St/MAH) moiety, 

W-, is an amount of the polymer of EOR-B used in the copolymerization of styrene/maleic anhydride, and 
W2 is an yield of the diblock copolymer. 

[1921] In Examples 96 and 97, the various properties were measured as follows. 

25 

Diameter of dispersed particle 

[1922] The diameter of dispersed particles was measured by the Microtrac pariicle analyzer manufactured by Hon- 
eywell Inc. 

30 

Dispersion stability 

[1923] Each of the oily resin dispersions obtained in the following Examples was placed in a sealable glass bottle, 
and the bottle was allowed to stand still at room temperature. After 1 month, whether the solvent phase separated from 
35 the resin phase or not was confirmed. 

Method of measuring heat-sealing strength to aluminum 

[1924] Aluminum foil (50 ^m thick) was coated with each of the dispersions by a bar coater and then were air-dried. 
40 The above foil was heated for 1 0 sec in an air oven set at 200^*0 to obtain coated foil having a uniform film. The coated 
foil was heat bonded to LLDPE sheet (available from ASCO Industries, Ltd., 300 ^m thick) at a temperature of 100 to 
200°C and a pressure of 1 kg/cm^ for 1 sec in the manner according to JIS Z1 707. The heat-bonded foil was cut in a 
width of 15 mm to obtain a specimen. The specimen was used for 180** -peel test at a measuring temperature of 23*'C 
to measure the adhesive strength (at a tensile speed of 300 mm/min). 

45 

Example 96 

[1925] 55 g of the block copolymer (EOR-O-PCL) obtained in Example 94 and 495 g of toluene were placed in a 
1 -liter glass autoclave with a stirrer, and the resin was completely dissolved by heating at 1 SO^'C. The temperature of 
50 the solution was lowered to 85''C over a period of 1 hr, from 85**C to 40°C over a period of 4.5 hr and from 40*^0 to 
SO'^C over a period of 30 min to obtain oily resin dispersions. With respect to the obtained oily resin dispersions, the 
diameter of dispersed particles, the dispersion stability and the heat-sealing strength to Al were measured. The results 
are shown in Table 1 6. 

55 Example 97 

[1926] The oily resin dispersions were prepared in the same manner as in Example 96, except that the diblock 
copolymer (EOR-0-P(St/MAH)) obtained in Example 95 was used. With respect to the obtained oily resin dispersions. 
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the diameter of dispersed particles, the dispersion stability and the heat-sealing strength to Al were measured. The 
results are shown In Table 16. 



10 



Table 16 





Example 96 


Example 97 


Diameter of dispersed particle (^m) 


9 


12 


Dispersion stability (phase separation after 1 month) 


None None 


None None 


Heat-sealing strength to Al (kg/15 mm) 


1.8 


2.5 



15 



Claims 

1- An olefin block copolymer (A-1 ) represented by the fonnula (I) 

PO^.g^8^ 



(I) 



20 



25 



30 



35 



40 



wherein PO"* is a segment composed of repeating units derived from an olefin having 2 to 20 carbon atoms, g^ is 
an ester, ether, amide, imide, urethane, urea, silylether or carbonyl linkage, and is a segment containing an 
unsaturated hydrocarbon or a hetero atom. 

2. The olefin block copolymer (A-1 ) according to claim 1 wherein the PC segment is a polyolefin segment prepared 
by polymerizing at least one monomer selected from a branched olefin, cycloolefin, conjugated diene and non- 
conjugated polyene, optionally with at least one a-olefin selected from linear a-olef ins having 2 to 20 carbon atoms. 

3. The olefin block copolymer (A-1 ) according to claim 1 wherein the PO"* segment is a polyolefin segment containing 
a long-chain branching, which is prepared by polymerizing at least one olefin selected from olefins having 2 to 20 
carbon atoms. 

4. The olefin block copolymer (A-1 ) according to claim 1 wherein the PO^ segment has a weight-average molecular 
weight of less than 2000. 

5. The olefin block copolymer (A-1) according to claim 1 wherein the segment has a weight-average molecular 
weight of less than 500. 

6. The olefin block copolymer (A-1 ) according to any one of claims 1 to 5 wherein the gi linkage Is an ether, ester or 
amide linkage and the B^ segment is prepared by chain polymerization. 

7. An olefin block copolymer (A-2) represented by the fonnula (11), 



45 



PO^ - f^ - R^- {X^)n - h^ 



(II) 



wherein PO^ is a polyolefin segment composed of repeating units derived from an olefin having 2 to 20 carbon 
atoms, f2 is an ether, ester or amide linkage, is a functional segment prepared by chain polymerization, is 
an ester, ether, amide, imide, urethane, urea, silylether or carbonyl linkage, h^ is a polar group selected from an 
amino group, a halogen atom, and an isocyanate, aldehyde, hydroxyl, carboxyl. acid anhydride, silanol, sulfonic 
50 acid and epoxy groups, and n is 0 or 1 . 

8. The olefin block copolymer (A-2) according to claim 7 wherein the PO^ segment has a weight-average molecular 
weight of less than 2000. 

55 9. The olefin block copolymer (A-2) according to claim 7 wherein the h^ polar group is an amino group, a halogen 
atom, an Isocyanate group, aldehyde group or carboxyl group, and n Is 0. 

10, The olefin block copolymer (A-2) according to claim 7 wherein the h^ polar group is a halogen atom, an isocyanate 
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group or aldehyde group, and n is 0. 

11. A process tor preparing an olefin block copolymer (A-2), which process comprises the steps of: 

5 carrying out chain polymerization of a chain potymerlzable monomer by generating an active species for chain 

polymerization in ihe presence of a polyolefin which one end links with a Group 13 element, to prepare an 
olefin block copolymer (A*2b) having an active species for chain polymerization at one end, which is repre- 
sented by the formula (lib); 

2 2 2 

PO^ - - r2 - O - Z (Mb) 

wherein PO^, f2 and R2 have the same meaning as given in the fomnula (M) of claim 7, and Z is an active 
species for chain polymerization; and then 

replacing the active species for chain polymerization of the olefin block copolymer (A-2b) with a functional 
group containing an oxygen, nitrogen, silicon or halogen atom and optionally allowing the olefin block copol> 
ymer having a functional group containing an oxygen,, nitrogen, silicon or halogen atom at the end to react 
with a compound having, in its molecule, at least two functional groups capable of reacting with the above 
functional group, to prepare an olefin block copolymer as claimed in claim 7. 

20 

12. An olefin block copolymer {A-3) represented by the formula (HI) 



PO^ - g^ . (Ml) 

wherein PO^ is a polyolefin segment composed of repeating units derived from an olefin having 2 to 20 carbon 
atoms, g3 is an ester, ether, amide, imide, urethane, urea, silyletheror carbonyl linkage, and is a polar segment 
containing an unsaturated hydrocarbon or hetero atom, which is prepared by condensation reaction, ion reaction 
or addition reaction. 

13. The olefin block copolymer (A-3) according to claim 12 wherein the g^ linkage is a urea, silylether or cartDonyl 
linkage. 



14. The olefin block copolymer (A-3) according to claim 12 wherein the bonding structures of monomer units in the F^ 
segment are symmetrical about the center of the monomer units. 

15. The olefin block copolymer (A-3) according to any one of claims 12 to 14 wherein the F^ segment is prepared by 
subjecting an amphoteric electrolyte monomer to condensation reaction, ion reaction or addition reaction. 

16. The olefin block copolymer (A-3) according to any one of claims 12 to 15 wherein the F^ segment comprises 
monomer units containing an aliphatic ring or aromatic ring. 



17. The olefin block copolymer (A-3) according to any one of claims 12 to 1 6 wherein the PO^ segment has a molecular 
^ weight distribution (Mw/Mn) of not more than 2.5. 

18. A process for preparing an olefin block copolymer (A-3), which process comprises the steps of: 



replacing the terminal Group 13 element in a polyolefin which one end links with a Group 13 element with a 
functional group containing an oxygen, nitrogen, silicon or halogen atom, to prepare a polyolefin having a 
functional group at the end, and then, 

allowing the polyolefin having a functional group at the end to react with a polar polymer having, at the end, 
a functional group capable of reacting with the above temiinal functional group, to prepare an olefin block 
copolymer as claimed in claim 12. 

19. An olefin block copolymer (A-4) represented by the fomriula (IV) 
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PO'^-g'^-F^-g'^-PO 



14 



(IV) 



wherein PO* and PO^^. which nnay be the same or different, are each a polyolefin segment composed of repeating 
units derived from an olefin having 2 to 20 carton atoms, and g^^, which may be the same or different, are each 
an ester, ether, amide, imide, urethane, urea, silylether or carbonyl linkage, and is a polar segment containing 
an unsaturated hydrocarbon or hetero atom, which is prepared by condensation reaction, ion reaction or addition 
reaction. 

20. The olefin blocl^ copolymer (A-4) according to claim 1 9 wherein the g* linkage and the g^* linkage are each a urea, 
silylether or carbonyl linkage. 

21 . The olefin block copolymer (A-4) according to claim 1 9 wherein the bonding structures of the monomer units in 
the segment are symmetrical about the center of the monomer units. 

22. The olefin block copolymer (A-4) according to any one of claims 19 to 21 wherein the F^ segment is prepared by 
subjecting an amphoteric electrolyte monomer to condensation reaction, ion reaction or addition reaction, 

23. The olefin block copolymer (A-4) according to any one of claims 19 to 22 wherein the F* segment comprises 
monomer units containing an aliphatic ring or aromatic ring. 

24. The olefin block copolymer (A-4) according to any one of claims 19 to 23 wherein the PO* segment and the PO^^ 
segment each have a molecular weight distribution (Mw/Mn) of not more than 2.5. 

25. A process for preparing an olefin block copolymer (A-4), which process comprises the steps of: 

replacing the temninal Group 13 element in a polyolefin which one end links with a Group 13 element, with a 
functional group containing an oxygen, nitrogen, silicon or halogen atom to prepare a polyolefin having a 
functional group at the end. and then, 

allowing the polyolefin having a functional group at the end to react with a polar polymer having, at the both 
ends, functional groups capable of reacting with the above terminal functional group, to prepare an olefin block 
copolymer as claimed in claim 19. 

26. An olefin block copolymer (A-5) represented by the fonnula (V) 



wherein POB^ is a dl-block segment derived from an olefin block copolymer (A-2) as claimed in claim 7. g^ is an 
ester, ether, amide, Imide, urethane, urea, silylether or carbonyl linkage, and Is a polar segment containing an 
unsaturated hydrocarbon or hetero atom, which Is prepared by condensation reaction, Ion reaction or addition 
reaction. 

27. A process for preparing an olefin block copolymer (A-6), which process comprises the steps of: 

preparing an olefin block copolymer (A-2) of the fonnula (II), by a process as claimed In claim 11, 



wherein PO^, f2, r2^ x^, h^ and n each have the same meaning as in the fonnula (II) of claim 7, and then, 
allowing the olefin block copolymer (A-2) of the formula (II) to react with a polar polymer having, at one end, 
a functional group capable of reacting with the terminal h^ functional group of the copolymer (A-2), to prepare 
an olefin block copolymer as claimed in claim 26. 

28. An olefin block copolymer (A-6) represented by the formula (VI) 



POB^ - g^- F^ 



(V) 



PO^-f^-R^-(X^)n-h^ 



(II) 
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POB^ - - F® - g^® - POB^^ (Vl) 

wherein POB^ and POB^^, which may be the same or different, are each a dl-block segment derived from an olefin 
^ block copolymer (A-2) as claimed in claim 7, g^ and g^®, which may be the same or different, are each an ester, 

ether, amide, imide. urethane. urea, silylether or carbonyl linkage, and is a polar segment composed of a hy- 
drocarbon or a polar segment containing an unsaturated hydrocarbon or hetero atom, which is prepared by con- 
densation reaction, ion reaction or addition reaction. 

29. A process for preparing an olefin block copolymer (A-6). which process comprises the steps of: 

preparing an olefin block copolymer (A-2} of the formula (II), by a process as claimed in claim 11 , 

IS PO^ - f^ - R^- (X^)n - h^ (II) 

wherein PO^, f^, R2, x^, and n each have the same'meaning as in the fonnula (II) of claim 7, and then, 
allowing the olefin block copolymer {A-2) of the formula (II) to react with a polar polymer having, at both ends, 
functional groups capable of reacting with tho terminal h^ functional group of the copolymer (A-2), to prepare 
an olefin block copolymer as claimed in claim 28. 
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30. An olefin block copolymer (A-7) represented by the formula (Vll); 
25 (POB',-g^-),-G^ (VH) 

wherein POB^ which may be the same or different, are each a di-block segment derived from an olefin block 
copolymer (A-2) as claimed in claim 7 or a di-block segment derived from an olefin block copolymer (A-3) as 
claimed in claim 14, g^ which may be the same or different, are each an ester, ether, amide, imide, urethane, 
urea, silylether or carbonyl linkage, and is a polyvalent group containing an unsaturated hydrocarbon or hetero 
atom, i is an integer of 1 to 5 and k is an integer of 2 to 500. 
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31. A process for preparing an olefin block copolymer (A-7). which process comprises the steps of: 

preparing an olefin block copolymer (A-2] of the formula (II). by a process as claimed in claim 11 , 

PO^ - f^ - - (X^)n - h^ (II) 

wherein PO^, f2, r2 x^, h^ and n each have the same meaning as in the fomnula (II) of claim 7, and then, 
allowing the olefin block copolymer (A-2) of the fomiula (II) to react with a polyfunctional compound or poly- 
functional polymer, to prepare an olefin block copolymer as claimed in claim 30. 

32. A process for preparing an olefin block copolymer (A-7). which process comprises the steps of: 

preparing an olefin block copolymer (A-3) of the formula (III), by a process as claimed In claim 18, 

PO^ - g^ - (III) 

wherein PO^, g3 and F^ each have the same meaning as in the formula (III) of claim 12, and then, 
allowing the olefin block copolymer (A-3) of the fonnula (III) to react with a polyfunctional compound or poly- 
functional polymer, to prepare an olefin block copolymer as claimed in claim 30. 

33. A process for preparing an olefin block copolymer (A-7), which process comprises the steps of: 

preparing an olefin block copolymer (A-2) of the fomiula (II), by a process as claimed in claim 11 , 
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PO^ - - - (X^)n - 



5 



wherein PO^, f2, R2, X2, and n each have the same meaning as in the fomnula (II) of claim 7, 
preparing an olefin block copolymer (A-3) of the formula (III), by a process as claimed in claim 18, 



PO^.g^-F^ 



(III) 



wherein PO^, and each have the same meaning as in the formula (III) of claim 12, and then, 
allowing the olefin block copolymer (A-2) of the formula (II) and the olefin block copolymer (A-3) of the fomnula 
(III) to react with a polyfunctional compound or potyfunctionat polymer, to prepare an olefin block copolymer 
as claimed in claim 30. 

34. A process for preparing an olefin block copolymer (A-8), which process comprises the steps of: 

allowing a polyolefin having a hydroxyl group at the end to react with an organic lithium compound or organic 
phosphorus compound to prepare a polyolefin having lithium or a phosphorus-containing group at the end, 
which is represented by the formula (VIII) 



wherein PO^ is a polyolefin segment having a weight-average molecular weight of 1,000 to 10,000,000 and 
LP is lithium or a phosphorus-containing group, and then 

subjecting a(meth)acrylate to anion polymerization in the presence of the polyolefin having lithium or a phos- 
phorus-containing group at the end. to prepare an olefin block copolymer comprising a polyolefin segment 
and a poly (meth)aciy late segment. 

35. A resin for adhesion comprising an olefin block copolymer (A-1) of the formula (I) as claimed In claim 1 . 

36. The resin for adhesion according to claim 35 wherein in the olefin block copolymer (A-1) of the fomnula (I), the B** 
segment has a weight-average molecular weight of less than 500. 

37. The resin for adhesion according to claim 35 or 36, which Is used for a hot melt adhesive. 

38. A hot melt adhesive composition comprising: 

10 to 90 parts by weight of an olefin block copolymer (A-1) of the formula (I) as claimed in claim 1 and 
90 to 10 parts by weight of a tackifier resin (B) 

based on the total amount 1 00 parts by weight of the olefin block copolymer (A-1) and the tackifier resin (B). 

39. A molded article comprising an olefin block copolymer (A-1 ) of the formula (I) as claimed in claim 1 . 

40. A molded article comprising an olefin polymer composition (D) which comprises an olefin block copolymer (A-1) 
of the formula (I) as claimed in claim 1 and a thermoplastic resin (C) other than the copolymer (A-1). 

41. The molded article according to claim 39 or 40, which is used for construction materials and civil engineering 
materials. 

42. The molded article according to claim 39 or 40, which is used for automobile Interior and exterior materials, or 
gasoline tanks. 

43. The molded article according to claim 39 or 40, which is used for electric and electronic parts. 

44. The molded article according to claim 39 or 40. which is used for medical care and sanitation materials. 
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45. The molded article according to claim 39 or 40, which is used for materials of miscellaneous goods. 

46. The molded article according to claim 39 or 40. which is a resin molded article having environmental degradation 
properties. 

47. The molded article according to claim 39 or 40, which Is used for films or sheets. 

48. A sheet or film having a multi-layered structure comprising at least two layers having different compositions wherein 
at least one layer thereof comprises an olefin block copolymer (A-1) as claimed in claim 1 . 

49. A sheet or film having a multi-layered structure comprising at least two layers having different compositions wherein 
at least one layer thereof comprises an olefin polymer composition (D) comprising an olefin block copolymer (A- 
1) of the formula (I) as claimed In claim 1 and a themnoplastic resin (C) other than the copolymer (A-1). 

15 50. A modifier comprising an olefin block copolymer (A-1 ) of the formula (I) as claimed in claim 1 . 

51. The modifier according to claim 50, which Is used for resin$, rubbers, lubricating oils, waxes, cements or ink and 
paints. 

20 52. The modifier according to claim 50, which is a material for improving filler dispersing properties. 

53. A filler-containing resin composition comprising an olefin block copolymer (A-1) of the fonmula (I) as claimed in 
claim 1 and a filler 

25 54. A process for preparing a filler-containing resin composition, which process comprises the steps of: 

polymerizing or copolymerizing olefins of 2 to 20 carbon atoms and 

polymerizing or copolymerizing chain polymerizable monomers in the presence of the polyolefin prepared in 
the above polymerization and a filler, to prepare a filler-containing resin composition as claimed in claim 53. 

30 

55. A dispersion obtainable by dispersing an olefin block copolymer (A-1 ) of the formula (1) as claimed claim 1 in a 
liquid phase. 

56. A dispersion obtainable by dispersing an olefin polymer composition (D) comprising an olefin block copolymer (A- 
35 1 ) of the fonnula (I) as claimed in claim 1 and a thermoplastic resin (C) other than the copolymer (A-1 ) in a liquid 

phase. 

57. The dispersion according to claim 55 or 56, which is an aqueous resin dispersion. 
40 58. The dispersion according to claim 55 or 56, which is an oily resin dispersion. 
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Fig. 2 
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Fig. 3 
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5. Comparative 
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Fig. 4 

Thermally stimulated current spectrum 
in Example 46 




0 50 100 150 



Temperature (t) 



eNSOOCID: <EP 187Se7C)A1J_> 



201 



V 

EP 1 275 670 A1 



Fig. 5 
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